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SOME CHm?IGAL ANP BIOLOGICAL EPFECfS 
OF GYAtlAMID Aim GERTAIH OTHER 
HlfROOEK FBRTILIZBR5 01 
VARIOUS IOWA 8QILS 
raraorocTioi 
Previous to the World Yi'ar j the Chilean nitrate de­
posits v/ere the tiiost Important source of nitrogen for 
agricultural and industrial uses. ?ftien the blockade of 
the lilies cut Germany off from this supply in 1914, her 
need for nitrogen conipoimds presented a very serious 
national problem and extensive plants for the production 
of synthetic nitrogen compounds were started {87), As 
a direct result, many synthetic nitrogen fertilizers 
were devised and are now being made on a conunercial basis. 
Some of these synthetic compounds are being used exten­
sively, and the synthetic nitrogen industry has been 
developed to such a degree of efficiency that it is now 
difficult to market Chilean nitrate profitably in com­
petition with the synthetic compounds-
Gyanainid is one of the important synthetic nitro­
gen fertilizers on the market today. Although the state­
ment has been made that calcium nitrate was the chief 
synthetic nitrogen fertilizer used until after the war 
(26), cyanamid was one of the first nitrogen fertilisers 
-2-
to be prepared synthetically, and It still can be manufac­
tured more aheaply per unit of nitrogen tlian any otiier 
synthetic nitrogen fertilizer. 
The method of preparing this compound was de^reloped 
in 1898 by Prank and Caro, two German cheraists. The 
present method of manufacture is to pass nitrogen gas 
derived from liquid air into ovens containing calcium 
carbide. The reaction is then started by heating part of 
the oven to 2,000°P. and the heat generated eorapletes the 
reaction with the remainder of the material. The material 
is then ground, enou£p.i v/ater added, to decompose any traces 
of carbide remaining and to convert any free line into 
the hydrojdde fornix and a small amount of mineral oil added 
to decrease the dustiness. The first factory was built 
in Italy, and. produced 500 tons of cyanamid in 1906. 
Today there are plants in t?/elve eoimtries, and these pro­
duced, during the fertilizer year of 1928-29, 1,350,000 
tons of cyanamid. .It is interesting to note that this 
represents an increase of approximately 1,000,000 tons 
between 1919 and 1929. 
Approximately 78 per cent of the cyanamid now pro­
duced is applied to the soil without further pjrocessing, 
9 per cent is iised in mixed fertilisers, 11 per cent is 
used in the manufacture of aroaioni\M sulfate and ammonium 
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phoaphate, and 5 per cent is changed into ajniuonla and 
various other chemicals for industrial use (3). In the 
production of other nitrogen fertilizers, cyanamld is 
treated with steam, driving off the nitrogen as ammonia, 
and this is then absorbed, as for example in the produc­
tion of anmoniura phosphate, in crude phosphoric acid. 
About one half of the cyanaiaid produced is used in Germany 
and Belgium (83). Under a system of intensive agriculture 
where the cost of hand labor does not constitute a serious 
problem, as in Europe, this material has been used suc­
cessfully, And where the different fertiliser salts have 
been applied separately, as they usually are in Europe, it 
has been used in combinations which do not give as favor­
able results when the materials have been mixed before 
application* In the United States, the problem of proper 
application has made its us© of doubtful value, and as a 
result, the farmers here use practically all the cyanainid 
used in mixed fertilizers. 
In the use of eyanairdd in mixed fertilisers soEne 
serious difficulties are encountered* Coraraercial eyanamid 
contains about 61,5 per cent eyanamid, 17,5 per cent 
calcium hydroxide, 2 per cent calcium carbonate, 11.5 per 
cent carbon, 2 per cent moisture, and 5 per cent inert 
materials. This niaterial is quite reactive, particularly 
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when mixed with supeppliosphate, and even storage in a 
damp place v/111 bring about imdesirable changes (39) (48) 
(49). In the presence of tho carbon dioxide and raoistxir© 
in the air, it breaks down into free cyanatnid which may 
in tnrn change to urea, or be. polymerised to dicyano-
disaido and guanyliirea, tuo compounds v/hicii are recognigied 
as being very toxic to plant and bacterial, life. Under 
some conditions, cyanamid stored for some time may con­
tain as high as 8 per cent dicyan-odiamide. The general 
reactions occurring in fertilizer mixtures,, and due to 
improper storage are aa follows: 
(1) GaGIg + GO2 + HgO = GaCOg + H2®Hg (free cyanamid) 
(2) HgGNg + HgO = CO{Mg}g (urea) 
(3) CO(HIg)g + EgO = M3 + COg 
(4) H2CH2 = (H2CNg)g •(dicyanodiamide) 
(5) HrjClIg •{. H2O ^ COg = H2G(I?H)IHC0ifHg (guanylurea) 
(6) CaCIg + Ca(HgP04)g = HgCIg + CaHPO^ 
The i^eactions indicated in (2),(3),(4) and (5) are unde-» 
sirable due to the formation of ammonia which may be lost 
or the formation of toxic compounds, and (6) becatise of 
} 
the marked decrease in the availability of the phosphate, / 
Chemists connected with the fertilizer industry do not 
adrilit that these changes talce place to any appreciable 
extent when cyanamid is used in raixed fertilizers in proper 
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amounts^ and insist that laboratory and factory conditions 
are not comparable (20) (56) (57). 
Cyanaroid has been axsed for purposes other than that 
of a fertilizing material. The three uses noted here 
also indicate•something of the nature of the material, 
For example, large applications made to soil have been 
found successful in controlling nematodes caxxsing root 
knob on certain crops (102). Gyanainid and superphosphate 
have heen mixed with manure to kill the larvae of house 
and stable flies (45), and the burning effect of this 
material when applied to the foliage of plants has been 
utilized in the control of weeds (18). 
There is considerable interest in the use of 
eyanamid as a fertiliser and v^iiile many investigations 
have been carried out in Europe, particularly in Germany, 
on its effect on plant growth and biological processes in 
the soil, further work along these lines is needed in the 
Uhited States in order to formulate correct ideas as to 
the desirability of this roaterial as a fertilizer, and 
proper methods for its use. fhe work reported in the 
following pages was planned to secure data regarding the 
effect of this material, as compared to other nitrogen 
fertilisers, on the growth of corn on Iowa soils., and 
partic\ilarly the effect on the important physiological 
groups of microorganiv«3iBS in Carrington loam. 
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HISTORIGAL 
fhe literatore dealing with the effects of eyanafflid 
on soil conditions, on bacterial action, and on plant 
growth may be pougbly grouped Into three divisions; first, 
that dealing with the dseoraposition of cyanarsid in the 
soil, its effect on soil reaction, and the solubility of 
other plant food elements, second, that dealing with its 
effect on the numbers and physiological functions of 
microorganisms in the soil, and third, that dealing with 
its effect on plant growth. In order to make this pre­
sentation of the literature dealing with cyanamid as 
orderly as possible, the above plan has been followed. 
Part It "Chemical Reactlong" 
fwo Italian investigators, Perotti (79) and 
Ulpiani (94) v/ere among the first to study the decomposi­
tion of cyanamid in soil. In 1906, the foriner concluded 
that as only a small amount of cyanamid was converted into 
aimnonia in sterile soils, it must be converted into 
ajTimonia by bacteria, the change taking place as with urea 
only at a slower rate, while the latter concluded that 
dicyanodiamide and urea were formed during the decomposi­
tion of cyanamid into ammonia. In 1908, LShnis and 
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Sabaschnikoff (65) stated that cyanamid was not converted 
into anirnonia in sterile soils but that microorganisais 
•syere necessary for the change. The following year, 
LBhnis and loll (64) stated further that bacterial action 
did not affect cyanamid but was necessary for the foma-
tion of ajjimonla from urea, which was produced from the 
cyanamid by the soil colloids. The work of Kappen (54) 
was soHiewhat contrary to that of LBhnis and Moll (64) 
in that he claimed to have Isolated several species of 
molds which decomposed cyanamid. 
Further studies were carried out by Cowie (24, 25) 
who published his results in 1919 and 1920. His work 
showed that the addition of cyanamid to sterile soils led 
to an accumulation of urea and that, while In unheated 
soils there was a rapid prodixction of ammonia, very little 
was produced in soils which had been heated-. Further 
Vifork showed that when cyanamid was added to soil it was 
rapidly converted into urea, the amount produced varying 
directly with the per cent of clay present. In quartz 
sand this conversion did not take place. These results 
bore out the idea of LShnis and Moll (64) that the soil 
colloids were responsible for the changing of cyanamid 
into urea. Jacob, Allison and Braham (50) stated that 
under normal field conditions, urea and animonia were the 
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chief decomposition products and tests sliov.-ed that none 
of the cyanaraid was present after five or ten days,, de­
pending on the rate of application, 
A number of investigators have noted the effect of 
cyanamid. in decreasing soil acidity. Lipman and Blair 
(69) noted an increase in the pH of field soils ivhich had 
heon treated Y/ith cyanarnid and sodiiwn nitrate. Hartwell 
(4S) found that with hay plots which had heen top dressed 
\¥ith nitrogen fertilisers for nine years,; the plot re­
ceiving cyanamid had a pH of 7.1 compared v/ith 6.8 for 
the plot receiving aaurjonium sulfate. Pudge (56) tested 
soil from experimental plots \"?hich had "been fertilized 
for fifteen years with nitrogen feptilizers. Soil from 
the plot receiving cyanamid had a pE of 5.84 coiripared with 
5,45 for soil from the check plot. Hiklas and Hoclc (75) 
used cyanamid on four acid soils and found a definite 
decrease in acidity. Pierre (81) studied the effect of 
different nitrogen fertilizers on the reaction of tliree 
different soils. He applied amounts equivalent to 1,100 
and 1,430 pounds: of aiaraonium sulfate per acre., and deter­
mined the pH before and after cropping. He found that 
cyanai-nid caused the most marked Increase in 
Pudge (36) and Jensen {51) have studied the effect 
of cyanainid on the amounts of water soluble phosphorus in 
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soila. Using soil from the experlHiental plots previously 
mentioned. Fudge found that the soil treated with eyanamid 
contained 4.40 p.p«m. of water soluble phosphorus Y.foile 
the check soil contained 2.30 p.p.ra, Jensen tested the 
effect of six nitrogen fertilizers applied at rates equiv­
alent to 500 pounds of cyanamid per acre. He found no 
raarlced effects due to any treatment althou^i there was a 
slight increase in favor of the cyanamid treatment. 
Part II; "Bacteriological Effects" 
The literature dealing vfith the effect of cyanasiid 
on the microorganisms of the soil will be noted In 
chronological order. Allison, Jacob and their associates 
in th© United States Department of Agric^ilture have carried 
out most of the studies on this material in this country, 
and practically all of the foreign •work, to which the 
OTiter has had access, has been carried out in Germany, 
In 1907, Wagner et al (95) noted that the activity 
of ammonifying and nitrifying organisms was not suspended 
in soils which had been treated with cyanamid, Lipm&n 
and Brown (60, 61) noted in 1908 that cyanainid was harm­
ful to nitrifying bacteria \Yhile further results published 
in 1910 showed that in nitrification studies^ 58 per cent 
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of the nitrogen added as eyanaraid was nitrified as com­
pared to 78 per cent of that added as ammonixim sulfate. 
Muntz and ISottin (73) published results , in 1908 which 
showed that cyanainid had a paralyzing effect on the nitri­
fying organisms but that they later recovered and functioned 
normally. With applications amounting to 40 kgma. of 
nitrogen per hectare (2,5 acres) no bad effects were noted. 
In 1909, JjShnis and Moll (65) agreed v/ith Wagner (95) that 
cyanafflid did not have a retarding effect on ammonification 
and nitrification, but they did note that in culture 
solutions containing cyananiid a peculiar flora developsdo 
Reis (84) in 1910 concluded that cyanamid worked little 
harm on bacteria,, molds., germinating seeds and growing 
plants if tJaey had another source of nitrogen present. He 
also found that in nutrient solutions containing cyanamid 
only 0,1 per cent of the material was assimilated.. 
In 1915, Lipman and Burgess (58) published re­
sults showing that under conditions in Californiaj only 
0,1 per cent of the cyananiid applied to a clay loam was 
nitrified, v;hile none of that applied to sandy soils v/as 
nitrified. Contrasting \vltii the above results, are thos® 
of Jensen (52) which were published the following year. 
He determined the nitrates in fertilized soil under sugar 
beets in Colorado and found that soil treated with cyanamid 
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raaintained a high nitrate content from May 16 to August 26, 
indicating increased nitrifying activity due to this 
material. 
HSverraann and Koch (45) published results in 1916 
which showed that pure cyanamid did not affect the nitri­
fying organisms but, when increasing amotmts of dicyano-
diarnide were added to the material to be nitrified, de­
creasing amounts of nitrates were produced. They con­
cluded that the poisonous effect of cyanamid toward these 
organisms was due to its dicyanodiamide content. In 1919, 
Cowi© (24) stated that while dicyanodiamide was very toxic 
to nitrifying organisms it did not affect other soil or­
ganisms so seriously, particularly those decomposing pro­
teins, He also noted little difference in numbers develop­
ing on gelatin plates, or on the rate and extent of the 
decomposition of dried blood, Cowie's results are direct­
ly opposite to those of Merkle (70) v/hich were published 
during the previous year. In studying the action of 
fertilizers on the decomposition of soy bean fodder in the 
soil as measxired by the carbon dioxide produced, he 
found that eyanaraid was apparently very toxic to the soil 
bacteria for the first two weeks. 
Beling (17) and Jacob et al (50) published restilts 
in 1924 which bore out the conclusions of Hbvermann and 
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Koch (45) regarding the toxic effect of dlcyanodiamide 
on nitrification. Beling aou^t the tozic effect of 
cyanamid.in nitrification studies in its dlcyanodiamide 
conten.tj, and shov^ed that when this compound waa present, 
in amounts of even 0.1 mgra, per 100 grains of soil, toxic 
effects v/ould be noted, 5?his amount he shov/ed to be present 
in the cyanamid used in his studies. In other studies he 
treated soil in the laboratory with cyanamid on the basis 
of field applications. After 06 days incubation, he deter­
mined the anuTionifying and nitrifying power and the ability 
to fix atraospheric nitrogen, and noted that there were 
no far-reaching changes. He concluded therefore that 
x»/hile dicyanodiamidQ is dangerous to nitrification it 
probably is unimportant under field conditions,, and tlaat 
any biological disturbances produced by cyanamid would be 
of short duration. tTacob et ,al found that the nitrifica­
tion of cyanamid took place more slowly than that of urea 
and ammonium sulfate, but that after about two weeks the 
action proceeded at a normal rate. Their results on the 
effect of dlcyanodiamide on nitrification agree v/ith those 
of Beling. 5h^y found further, that whereas the presence 
of 10.5 jngra. of dicyanodiamid© per 100 grams of soil pre­
vented the nitrification of arnmonlm sulfate for 210 days, 
amonification was not affected by concentrations up to 
SI 5 mgrn.. per 250 gi'aras of soil, 
Allison (1) in 1924 stated that cyanaTaid produced 
large increases in numbers of bacteria in soil, usually 
reaching a maximuEi within t?iro weeks after the application 
depending upon the rate of application. H© compared com-
laereial cyanamid, pure cyanamid, and calcium, oxida and 
hydroxide equivalents but was unable to determine whether 
the lime or the cyanaraid -was responsible for the stimulat­
ing effect, Kuhn and Drechsel (55) in studies of sandy 
loam and clay soils also noted increases in numbers of 
bacteria due to cyana-ffiid applications. They also tried to 
determine the factor responsible for the increase and con­
cluded that it was probably due to the chemical mixture 
of cyanamid and calcium oxide. Allison (2) published re­
sults showing that cyanamid did not nitrify readily and 
decreased the maount of nitrates, present belovy that present 
in the untreated soil. He noted, when he used soil from 
fields previously treated with cyanandd in his nitrifica­
tion studies, that the nitrifying flora was very strong 
and vigorous. Ihis he attributed to the lime content of 
the. cyanaiBid and its effect on the soil conditions, 
Joaeham and Pandittesekere (53) noted in both field and 
laboratory studies of cyanamid, a hi^ rate of nitrifica« 
tion. 
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Bvomi and Smitix (23) used cyanamid in chemical 
itiixtiu-»©s for producing artificial manure frora strav/ and 
noted a depression in 'baGterial action as measured by 
carbon dioxide production. 
In IQS?^ Wolff (107) reported results in which he 
treated soil with various fertilizers and made bacterial 
covints on agar and gelatin plates. He noted striking in­
creases in numbers under the cyanamid treatment. In 1930, 
Wolff and ?tolff (108) reported on the results of further 
work in which they treated four soils with several nitrogen 
fertilisers at the rate of abou.t 300 pounds of nitrogen per 
acre, and counted the number of organisms at the end of 
one day, and four, six and twelve weeks after treatment. 
In soils treated with cyanamid, they noted a decrease in 
numbers at the end of the first day of as high as 95 - 98 
per cent of the original niuaber present. However, at the 
end of four weeks the numbers in the "mediim" soil treated 
with cyanamid were one third greater than the number in 
the check soil, in the "heavy" soil, about two times 
greater, and in. the ^Hi^t" soil, about three times greater, 
in the sour soil the numbers ^ ere decreased below those 
in the cheels: soil. 5he numbers showed no appreciable 
changes dixring the remainder of the experiment. Studies 
were made of the types, of organisms appearing on the 
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plates and a marked decrease laoted in the numbers of 
"larger celled" bacteria, as molda and spore formers. 
They comment that this partial sterilising effect wais d®" 
sirable in that the cells left formed a luore desirable 
soil flora, and these organisms increased markedly in 
number. 
Fart III; ''Effects on Plant gro?,'th" 
A large number of field studies showing the response 
of various crops to cyanamid hare been reported. Only 
those carried out in the United States will be mentioned 
here. Practically all of this work has been done in the 
area east of the Mississippi River, and particularly in 
the southern and southeastern states. In a recent 
publication, Allison (3) stated that the ©ffecti-ffeness of 
cyanamid depends on a mimber of soil factors. Applications 
to a loam soil generally gave the best results. It should 
not be used on very sandy, strongly acid, unusually heavy, 
peaty, or poorly drained and aerated soil as these condi­
tions do not favor the rapid production of urea, anmonia, 
and finally nitrates. It should be applied at moderate 
rates during cool weather and thorou{^ly mixed with the 
soil about two weeks before planting the crop. Under 
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these conditions any toxic effect would be of short dura­
tion and of little importanceA The failure of many in­
vestigators to report soil conditions as a part of their 
experimental data has greatly lessened its value. Often 
the reader cannot tell whether the unfavoralsle results 
reported were due to cyanamid or the conditions under 
which the experiment was conducted. 
Most of the studies carried out by the United States 
Departcient of Agriculture have been reported by Allison. 
He noted {2, 3, 4, 5) that with cotton plants fertilized 
vath cyanamid, growth was alow for the first two months. 
The plants were always dark green indicating that their 
supply of nitrogen was limited, to aiajTionia and organic 
forms of nitrogen. As a source of nitrogen for this crop, 
cyanamid was not as good as sodluia nitrate. Cyanamid 
could be used on corn up to 150 pounds per acre with bene­
ficial results. Mth this crop the results secured, were 
equivalent to those secured with sodium nitrate, ammonium 
nitrate, and ammonium sulfate. A part of these favorable 
results Allison attributes to the fact that the corn plant 
can use aiamGnla nitrogen and does not have to wait for the 
formation of nitrates. 
In 1910, Hartwell and Pember (44) at the Rhode Island 
Agricultural Experiment Station applied some "European" 
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cyanamid at the x'ate of 480 pounds per acre Just before 
seeding oats,: barley, and millet. The millet was not 
affected but v/ith the oats and barley, both germination 
and early growth were delayed. Pember and Hartwell (77) 
reported further work ahov/ing cyanamid to be toxic to 
oats during the early stages of growth, Lipraan (62) 
found that under favorable conditions in pots, cyanamid 
was equal to urea and aimoniuffl and nitrate salts but that 
under field conditions less favorable results were se­
cured. In 1928, Lipman and Blair (59) reported that when 
used as a fertilizer for corn, oats, wheat, and timothy 
under field conditions, cyanamid was only slightly less 
efficient in increasing yields than was sodiym nitrate, 
and no toxic effect vms obaer-^ed althougja the amounts 
applied were slightly larger than those recommended. In 
the same year, Hartwell (43) published a summary of previous 
work (41, 42) \?hieh shov/ed that oirer a period of nine 
years, cyanamid was less efficient than sodi-oa nitrate 
but about equal to ammonium sulfate as a top dressing for 
mixed hay. 
During the past ten years the Mississippi Agricul­
tural Experiment Station has conducted field teats on 
cotton and corn, using sodiuia nitrate, calcium nitrate, 
ammoniUBi sulfate, cyanamid, urea, and leunasaltpeter as 
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sonrees of nitrogen, work has b©en reported by 
Ames (7, 8, 9), Ames and Casanova (10, 11), Ayras (12, 
13), BroTO and O'Kelley (82), Psrrls {29, 30, 31), 
Ferris and Anderson (32), O'Selley et al (76), Perkins 
et al (78), Robert et al (85), Walker et al (97), Wallace 
(98, 99) and YMllace and Cooley (100, 101). A study of 
these data shows that seasonal variations undoubtedly 
played a considerable part In the results secured, 'i'he 
ranking of the different fertilizers vary from year to 
year but an average of the results shows that sodium 
nitrate, tsaleium nitrate,, and aramonium sulfate give larger 
increases on both cotton and corn than cyananild. Y/ith 
corn the differences between the various treatments vrere 
usually small, while with cotton the reverse was trae. 
In 1928, Barre (14) , reporting results seciorad at 
the South Carolina Agricultural Experiment Station, stated 
that cyanamid was superior to aimonium sulfate for com. 
Sicinnar and Buie (89) reported results in 19S6 showing 
that when cyanamid was used in fertilizer mixtures, as a 
sole source of nitrogen for corn or cotton the yield was 
reduced but when other sources of nitrogen were present 
no haruiful effects were noted. They also stated that 
over a period of seven years, cyanaaiid was less efficient 
than sodium nitrate and ammonium sulfate in increasing 
•"X9~ 
yields of corn. Williams (105) at the Horth Carolina 
Agricultural Experiment Station stated that over a period 
of six years, cyanamid v/as 80 per cent as efficient as 
sodium nitrate in increasing the yield of cotton, 
Taggart (92) reported results for the Louisiana 
Agricultural Experiment Station v/hich showed that cyanamid 
was practically equal to sodium nitrate and ammoniura 
sulfate in increasing yields of corn; and Dowell (27) 
stated that, with the exception of sodim nitrate, cyanamid 
compared favorably with other nitrogen carriers in increas­
ing yields of sugar cane. Bledsoe (19) stated that in 
Seorgia the value of cyanamid w&s slight when used as a 
sol© source of nitrogen for cotton. Sreen (38), and 
Hutchison and Copley (47) found that in Virginia, sodivim 
nitrate, asmonium sulfate^ processed tankage, dried hlood, 
animal tankage and fish acrap vsrere superior to eyanaTrdd 
as sources of nitrogen for tobacco. 
Sehmlta (86) found cyanatnid one third to one half 
as efficient as sodim nitrate and aramoniuia sulfate in 
increasing yields of timothy in Maryland, while Watts (ICS) 
reported that, luider conditions in Pennsylvania, cyaiiamid 
gave more favorable results when compared to the sasie 
materials, Williams (104) stated that cyanamid used as a 
top dressing for pasture grasses in Ohio caused severe 
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injiiryj the results of which persisted fo? several weeks« 
lack (67) at the Pennssylvania Agricultural Experi­
ment Station fertilized tomatoes with various nitrogen 
fertiliJiers at the rate of 50 pounds of nitrogen per acre. 
His results over a period of eight years show cyanai-nid 
was sli^tly superior to sodium nitrate and ammonium sulfate 
in increasing yields, Yfetts (103) reported that cyansinid 
was superior to sodium nitrate for potatoes and Brown (21) 
at the Maine AgricultOTal Experiment Station found little 
difference between cyanamid,. sodium nitrate, ammonium 
sulfate J calcium nitrate,, leuhasaltpeter and urea in in­
creasing the yields of the same crop. 
Bartholomew (15) reported results of fertilizer ex­
periments with rice which showed that eyanamid was 70 per 
cent as efficient as ar-ffaoniuin sulfate in increasing yields. 
With cranberries, Beckwith (16) found that cyanatnid re­
duced the yield the first year and,^ although the residual 
effect showed a marked increase the follo^ving year, he 
concluded that its use was of doubtful value, 
Fraps (33) in studying the availability of differ­
ent nitrogen sources in Texas soils found that in six 
soils cyanarnid was superior to cottonseed raeal but v/as 
less available in other soils. Wiancko (104) in making 
fertilizer reeoinraendations for Indiana recoinrcended a eoas-
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plet-e fertilizer containing inorganic sora'cea of nitrogen, 
and listed cyanamid among the deairable forms. 
Maxton (69) tested the effect of eleven different 
nitrogen sources on the gerroination of lespedezaj v/loite 
clover J Kentucky and Canada hluegrass, and meadow fescue. 
In all eases he found cyanawid markedly toxic to gerrnination, 
Mosscrop (71) noted the same toxic effect on germination 
and attributed it to the rapid formation of ammonia vmen 
cyanarald is first added to ths soil. Pfelffer and SiTnmer-
macher (80) noted evidences of injury to plant growth by 
cyanamid by studying the nitrogen content. 
Some work done in Hew Jersey indicates hois; important 
it is to use cyanamid properly in. order to secire the most 
favorable results. Singleton (86) found that with oats 
at thirteen weeks of age, 67.62 per cent of the nitrogen 
applied as soalium nitrate had been recovered, 54.60 per 
cent of that applied as anniioni-am sulfate, and only 35,67 
per cent of that applied as oyanainid. The American 
Cyanamid Go. questioned these results and financed a repe­
tition of the same work taking care that the cyanamid was 
fresh and used properly. !Phis work has been reported by 
Koyer and Blair (72), and they showed that the nitrogen 
recovery from oats at thirteen weeks of age was as folloT/ss 
aodiiim nitrate - 60 per eent, ai®ionium sulfate - 54.7 
pex' cent, and eyanamid - 50.3 pep cent. The pr.e\'-ious 
?/ork liad sliom eyanariid to be 53 per cent as efficient 
as sodiua nitrate while the second test shoi^Tsd the same 
material to he 83.8 per cent as efficient, 
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PURPOSE OP a)HE IlfVESTIGATIOH 
Tho purpose of this investigation was to study the 
effects of cyanamid and certain other fertilizers on var­
ious biological activities and on crop yields. The \9ork 
has been divided into two parts. IPhe first deals with 
the effect of various fertilizers on some biological activ­
ities in fallow soils imder controlled conditions in the 
greenhouse, This part has been divided into four sub­
divisions; I. A study of the effect of cyanamid, Amrno 
Phos, sodium nitrate,, aramoniuffl sulfate, and superphosphate 
on certain laicroorganic activities. II» A study of the 
effect of cyanamid, sodiiM nitrate, and calcium hydroxide 
on numbers of molds and bacteria, and a study of the re­
lation between the numbers of mieroorganisrais and carbon 
dioxide production. III. A study of tliree laboratory 
methods of studying carbon dioxide production in soils. 
IV. A study of the effect of cyanamid, farm manure, green 
mantire, alone and in combination, on numbers of bacteria 
and a further atudy of the relation between the numbers of 
microorganisms and carbon dioxide production. 
The second part of the work deals with the effect 
of cyanamid. Ammo Phos, Ammo Phos plus cyanaioid, and Ammo 
Phos Ko on the yield of corn under field conditions. 
Part li Experiment I. The Effect of Cyanamid 
and Various Other Fertilizers on Certain Bio­
logical Activities and Chemical Reactions Tak-* 
ing Place in Carrington Loam, 
This ©sperlment was set up in the greenhouse under 
controlled conditions to test the effect of syanainid. 
Ammo Phos,-, sodium nitrate, aHiraonium sulfate and superphos­
phate on certain microorganic activities on the soil re~ 
action, and on the amount of soluble phosphorus present 
in Carrington loam. On Kovember 9~10j, 1930, twenty-two 
4"gallon glazed pots were filled vdth virgin soil vfhich 
had previously been screened to reraov© any coarse material. 
The soil was secured from the Agronomy Farm of the lov/a 
Agricultural Experiment Station. Upon analysis it showed 
a content of 4,300 poimds of nitrogen and 3,600 pounds of 
phosphorus per acre. Fertilizer applications were siad© on 
the basis of the amount of nitrogen contained in 100 and 
300 pounds of cyanamid, and the amount of phosphorus con­
tained in 191 and 673 pounds of Aramo Phoa. The fertilisers 
were applied on the basis of 2,000,000 pounds of soil per 
acre, and were diatributed thoroughly throu?^ the entire 
amoujiit of soil in the pots, The guaranteed analyses of 




Amounts of Fertilizer Applied (Experii-jent 1): 
Guaranteed Analysis. 
* ^ I ' "i AvanaBTiTplarit' 
; Amounts applied ; food 
Fertiliser rGraras per: : ; 
;40 lb,pot; Pounds :Per cent:Per cent 
jof soil : per acre;.nitrogens Pg05 
Cyanamid 0 ,908 100 21. 00 — 
2 .724 300 21. ,00 .o. 
hvsno Pbos 1 .7S4 191 11. ,00 47. 0 
5 .203 573 11. ,00 47. ,0 
Sodium nitrate 1 .173 129 16, .25 
3 .519 387 16, .25 — 
Amraonlum sulfate 0 .919 101 20, .75 • HW 
2: ,757 303 20, .75 
Superphosphate 4 .075 449 20. 0 
12 .225 1346 — 20, .0 
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Each fertilizer treatment was applied to the aoil 
in duplicate pots. The moisture content vms adjusted to 
approxixaately 50 per cent of the saturation capacity and 
was maintained at that poiat> during the experiment, by 
additions of distilled water, fhe per cent of moisture 
present in each soil at the time of sampling is not given 
in the following data. While the amount of moisture 
varied ali^tly from sampling to sampling, two, and rarely 
three, per cent were the largest differences ever noted 
in the moisture content of the various soils. The soils 
were brou^it up to the optimum moisture content slowly, 
reaching this condition about November 22. IPhe first 
sampling was mde on© week later* 
The soils were sampled at two week intervals. As 
the number of laboratory studies were too many for all to 
be carried out at each sampling, the work was divided. 
At one sampling studies were made on the ammonifying 
povfer, nitrogen fixing power, amounts of soluble phosphorus, 
and numbers of molds and bacteria present. At the next 
sampling two weeks later, studies were made on soil reac­
tion, nitrite and nitrate accumulation,, and nitrifying 
power of the soils. In this way each determination tos 
made once each month. In sampling the top six inches of 
soil was thoroughly mixed and a representative sample of 
the soil taken. 
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A. The Effect of the 
Fertilizers on Soil 
Heactlon, 
!?he reaction of the various soils was determined. 
each month. Ten graws of the moist soil were placed in 
sraall Erlenmeyer flasks,, 25 c.c. of distilled water 
added, and shaken thoroup^hly, The pH of this mixttn^e 
was then determined by the ijse of th® quinhydrone electrode. 
?ho average results are recorded in tahle S, and the re­
sults of each duplicate soil,, in table 3» 
A study of the resiilts in table 2 sho'ws that there 
was a gradual decrease in the ^  of all the soils for two 
months and this was follov/ed by a slight increase during 
the third month. Values obtained for the soils treated 
\iifith Ainrao Phos equivalent to 573 pounds per acre, amraon-
im sulfate equivalent to 303 pounds per acre, and super­
phosphate equivalent to 1346 pounds per acre x^rere con­
sistently lov/, and the soils receiving sraaller applica-^ 
tions of these materials showed a marked tendency to de­
crease in pH throughout the experiment. Applications of 
soditim nitrate and eyanamid increased the pH above that 
of the untreated soil and maintained this position throug^a-
out the three laonths. 
TABLE S 







« Date of sampling 
Treatment ; per acre * « * ; 
« 
• : Dec. 16 ; Jan. 17 • • Feb-, 18 s Mar. 19 
Ho treatment 6.10 6.0S 5.90 5.98 
Gyariamid 100 6.17 6.07 6.02 6.08 
Cyariamld 300 6.20 5.05 5. 97 6.06 
Ammo Phos A 191 6.10 5,92 5.87 5.89 
Ammo ph,o s A 573 5.78 5.74 5.7S 5.86 
SodltM Kitrate 129 6.21 6.10 6 e 04 6.16 
Soditmi H^itrate 387 6^25 6.08 6.09 6.13 
ATranoniTam Sulfate 101 6 .24 6.05 6.06 6.07 
AiiimGnitam Sulfate 303 5.94 5.82 5.90 5.85 
Superpliospliate 449 6,29 6.08 6 ,10 6.12 
Superpb-ospliate 1346 6.07 5.85 5.93 5 .88 
Tto,© Sffect of Certain Fe2?tiliz8rs on Soil Reaetlon: 
pS Determlna-fcions, 
!Pr»ea-bm©nt 
• . • Date of sampling 
. „ • 
JPounds : 
;per acre s Dee. 16 
• 




.»• Feb. 18 
•  . . .  
: Msi3?^ 19 
Mo treatment 6.03 5^99 5.83 5 w 94 
6 ^18 6iOS 5^96 6.01 
Cyaaamid. 100 5.13 6.00 6 6.10 
6.20 6.15 6.02 6,07 
Cyanamidl 300 6.20 6.05 5.97 6.05 
6.20 6.05 5,97 6.06 
AHJSO Plios A 191 6. OS S»92 5.79 5.90 
6.13 5.92 5.94 5.88 
Ammo Piios A 573 5.93 5.71 5.71 5.84 
• 5.63 5.77 5,76 5.88 
Sofiiiam Hitrate 129 6.15 6.06 6.09 6.23 
6.27 6.15 6 .00 6,09 
SofilTsm Hitrafcef 387 6.25 6.08 6.09 6.21 
6 .25 6 a 08 6.09 6.05 
Awmonixm Sulfate 101 6.S4 6.08 6.07 6.13 
6.24 6.03 6.06 6,01 
Ansmonixtia Sulfate 303 5.98 5.82 5.92 5.90 
5 .91 5.82 5.87 S.80 
Super'ph.ospliate 449 6.24 6 . 04 6,17 6.10 
6.34 6.12 6,04 6.13 
Super j:^os plia t e 1S46 6.07 5.90 6.00 5.92 
fi-07 P, 70 K Art OR 

S.S'UULIJLU.SS • 
i pea? acx*e ; Dee. 16 
®o ty©afcmen-fc 6.05 
6^18 
Gyanamid 100 6. IS 
6.20 
Gyanamid. 300 6.20 
6*20 
Ammo Phos A 191 6.08 
6.13 
Amno Phos A 573 5.93 
5.63 
SodliMB Hifcrate 129 6.15 
6,27 
Sodixsia JTltr^atje 387 6 .25 
6 . 2 5  
AHJmoni.^»fn Sulfate 101 6.24 
6.24 
Ananonixssi Sulfate 303 5.98 
5.91 
Superiitoosphate 449 6.24 
6,34 
Siipei'pliosplb.ate 1346 6.07 
6.07 
Jan. 17 t Feb. 18 ; Mai*. 19 
5w99 5.85 5; 94 
6^05 5^98 6.01 
6.00 6.02 6.10 
6.15 6.02 6.07 
6.05 5.97 6i06 
6.05 5.97 6.06 
5»92 5.79 5.90 
5.92 5.94 5.88 
5.71 5.71 5.84 
5 .77 5.76 5. 88 
6.06 6.09 6.23 
6.15 6.00 6.09 
6.08 6.09 6.21 
6.08 6.09 6.05 
6.08 6.07 6 .IS 
6.03 6,06 6i01 
5.88 5.92 5,90 
5.82 5.87 S.80 
6.04 6.17 6 .lO 









B. The Effect of the 
Pertillzers on Soluble 
Phosphorus. 
The term, "soluble" phosphorus, has been applied 
to the phosphoms which Is extracted from a tv/o grara 
sarnple of soil by shaking one half hour with 400 c.c, 
of 0»00SH sulfuric aeid,.. The procedure used in this 
deteraiiiiation was that worked out and described by 
Truog (93). The average results are recorded in table 4,. 
and the results for each duplicate soilj in table 5. 
A study of table 4 shows that the amounts of phos­
phorus extracted by this method vrere very small. It is 
not claimed that such small amomits can be determined 
accurately, but a study of the table will show that the 
figures reported are quite consistent from month to 
month for the different treatments. 
Applications of cyanamid caused a vq f j  iriax'ked in­
crease In the soluble phosphorus in these soils. With 
the Ammo Phos treatments there was an increase from month 
to month while T/ith equivalent amounts of phosphorus 
applied as superphosphate the aaounts decreased froH month 
to month. In the sodiuia nitrate and armiionium sulfate 
treated soils,, the amount of soluble phosphorus remained 
practically the sasae tlirou^out the experiment* Furthermore, 
there was no difference betvi?e«n the effects of the two 
treatments. 
1'ASLB 4 
<!?]ae Effect of Certain Fertilizers on th.e Piiospiiorus in Soil; 
P.PiM* of Ph.osph.ox'us Solu^ble In 0.00251 Sulfuric Acid. 
- _ ^ _ Bates"o? samp1xhg 
Treatment sPoimds ; ; ; • : 
;per acre" Nov 29 : Dec. 31 : Peb, 3 Ma.r 5 Apr, 2 
No treatment 0 .21 0 .28 0 .22 0 .20 o .33 
Gyanamid lOO 0 .23 0 .22 0. 24 0 .38 0 .39 
Gyanaraid 300 0 .86 0 ,24 0, .23 0 .22 O, .40 
Ammo phos A 191 0. 44 0< .41 0. i46 0 .54 0. 68 
Ammo P13.0S A 573 0 .92 0 .84 0. 80 0 .83 1. 35 
Sodium Hitrat© lg9 0, •24 0. 21 0. ,24 0. 26 0, .23 
Soditmi Nitrate 387 0, 22 0. 20 0. 21 0. 21 0. 23 
Airononium Sulfate lOl 0. 23 0. 20 0. 22 0, ,33 0. 24 
AImnGni^laI Sulfate 303 0. 26 0, 27 0, 26 0. 24 0, 28 
Superplio apliate 449 0, .64 0, 67 0, 52 0. 50 0, .56 
Sup erplio apb.at e 1546 1, 34 1. 18 1, 00 0, 95 0, .77 
•MBliE B 
The Effect of Certain Fertilizers on tti.e Ph.ospliorus in. Soil? 




• Dates of saia^pllni? 
Treatment :Pounds a m • « ' * • 
;per acres Ko'^r. 29 t Dec, 31 ! Feb. 3 I M a r , 5  t Apr . 2 
Ifo treatment 0.21 0,31 0,26 0^20 0^32 
0.22 0,24 0.18 0,19 Oi S S  
Cyanamid 100 0,23 0.24 0.25 0,47 0.39 
0,23 0,20 0.23 0,29 0.40 
Gyanamid 300 0.24 0,25 0,25 0,22 0.42 
0.28 0,23 0.21 0,23 0.39 
Ammo Plios A 191 0.39 0.37 0.50 0,54 0.58 
G.5G 0.45 0.42 0.54 0,7g 
Ammo Plios A 573 G.84 0.91 0.91 0.83 1.3S 
l.OO 0.77 0,69 0.S3 1,39 
Soditam titrate 129 0.24 O.SS 0.28 0.23 0.20 
0.24 0.21 0,20 0.30 0 ,-25 
Soditon Sltpate 387 0,22 0.23 0.24 0.21 0.23 
0,S3 0,18 0.19 0,21 0.23 
AmmoniTam Sxilfate lOl 0.24 0.22 0.25 0.33 0.25 
0,22 0.19 0.19 0.33 0.2S 
A^onitiffi Sulfate 303 0.26 0.33 0.32 0.23 0.28 
0,26 0.21 0.21 0,25 0.28 
Superpho spiiate 449 0,56 0.84 0.63 0.48 0.57 
0,72 0.60 0.42 0,53 0.56 
Superplio s pliat e 1346 1.43 1, 25 1.00 0.95 0,75 
1.25 1,11 1.00 0.96 0,80 
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G. The Effect of the Perti-
lizeps on Ilitrate Aceuffiulation. 
The total nitrate content of the soils was deter­
mined hy extracting the nitrates from ths equivalent of 
100 gi'aiTis of air dry soil with 500 c.c. of distilled 
T/ater and determining colorimstpieally ay the phenol-
disulphonic acid method. The details of this method have 
been described and raodifiad by Barper (40). She average 
resiilts are recorded in table 6 and the results of each 
duplicate soil, in table 7. 
These resixlts sho?/ an increase in the nitrate con­
tent of all the soils from the first to the last sampling., 
Ths soils treated with sodium nitrate showed the hi^^xast 
nitrate content at all savnplingsj and those treated with 
aiamoniura sulfate increased, at the various aamplings until 
their content at the end practieally equalled that iia the 
soils treated vrith sodiua nitrate. Both applications of 
superphosphate caused substantial increases in nitrates 
but the increases were not proportional to the araounts 
of the phosphate applied. The amount of nitrates in the 
soils treated with Aniaio Phos sho^vsd no indication tiiat 
the phosphate present in this raatarial had any effect on 
nitrate accumulation in the soil. In fact, the nitrate 
content of these soils was slightly less than that of the 
sodium nitrate treated soils, Th© soils treated v/ith 
TABLE_6 
l?h.e Effect ol" Certain Fertilizers on K'itrat© Accumulation in Soil; 
Mgm« Hitrate nitrogen per 100 grama Air Dry Soil. 
Treatment 
: ; 
s Pounds ; 
s per acre; 
Date of sampling 
Dec. 16 
« 3 
: Jan- 17 i Pet). IB ; Mar. 19 : Apr. 18 
lio treatment - 2.22 2.70 3.36 4.60 
Cyanamid 100 - 2 .43 2,83 3.47 5.02 
Cyan amid. SOO 
-
3.72 4.01 4.52 6.90 
Ammo Phos A 191 
-
2.60 2,83 3.62 5.26 
Aimno Plios A 573 - 4.52 5.02 5.25 7.43 
Soditsm Nitrate 129 
-
3,20 3.20 3.96 5.82 
SodixHa Hitrat© 387 *- 4.00 4.82 5.41 8.45 
AnEnonium Sialfate 101 - 2.44 2.81 3.87 5.71 
Armtionium Sulfate 303 - 5.12 5.72 6.19 8.52 
Superplio spliat e 449 
-
2.52 2.90 3.57 5.28 
S^ipe r pile s plaa t e 1346 - 3,00 3.52 3.71 5.66 
TABLB 7 
0}2ie Effect of Gepfcain Fertilizers on Hltrat© Accumulation in Soils 
Mgm» nitrate Hitrogen per 100 grams Air Dry Soil. 
•Jreatment 
• » Date of sampling 
^Poun«3.s i 
5per acre: Dec. 16 
» A 
r -» 
t Jan. 17 s Feb. IS : Mar. 19 
« 
I Apr. 18 
So treatment 2.21 2,67 3.23 4.95 
-
2.23 2.73 3,48 4.25 
CyanaEiia lOO 2,36 2.82 3,30 5.50 
— 2.51 2.85 3.64 4.55 
Gyanamld 300 3.61 3.79 4.44 6 .90 
— 3 »&4 4,23 4.60 6.90 
tomo Plios A 191 2.50 2.60 3.28 5.35 
2.70 3.06 3.96 5.17 
Aaimo J'tios A 573 4.44 4.90 4.94 7.80 
-
4.59 5.15 5.55 7,06 
Sodiiim Kitrate 129 3.15 3,01 3.67 5.82 
~ 
3.25 3.38 4.26 5.82 
S©d.imia Hltz^te 387 4.00 4.55 4.94 8.45 
" 4.00 5.10 5.88 8.45 
Ammonium Sulfate lOl 2.44 2.75 3.70 5.71 
— 
2.44 2*87 4.04 5.71 
Ammoaiian Sulfate 303 4.70 5.49 5.72 8.33 
— 
5.55 5.95 6.66 S.70 
Super plio splia t e 449 CM 2.49 2.90 3.28 5. 35 
— 
2.54 2.90 3,85 5.21 
Superplio splaa t e 1346 3.03 3.47 3.42 5 .82 
2.96 3,57 4.00 5.50 
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cyanamld showed th© smallest accumulation of nitrates of 
any of the treated soils, 
D. The Effect of the 
Fertilizers on Ifitrite 
AccTunulation* 
?h© nitrite content of th© soils was determined 
by shaking 20 grains of moist soil with 100 c.c. of dis­
tilled water, filtering, and determining the nitrites 
colorimetrically hy adding a few drops of sulphanilie 
acid, and alpha-naphthylarain© acetate to a part of the 
filtrate. TMs determination was made as soon after 
sampling as possible as it was found that any nitrites 
present disappeared within an hour or two. fhe results 
reported in table 8 are rou^ly quantitative. 
Is nitrites were never found in appreciable amounts 
this study v<as dropped after th© third determination. 
E. Effect of the Fertilizers 
on Numbers of Molds and Bacteria. 
Th© numbers of molds and bacteria were determined 
in the soils at various intervals during the experiment. 
?lhen the soils were sampled for making counts, a sterile 
trowel was used and the samples placed in sterile covered 
-37. 
TABLE 3 
The Effect of Certain Fertilisers on Nitrite Accumu­
lation in Soil; P.P.I, or Traces of litrites Present. 
Dates oF~sainpling 
Treatment Pounds t" 
;per acre: Dec, 16 : Jan. 17 J Feb. 18 
Wo treatment Trace 1 Trace 
Trace Trace Trace 




Cyanamid 300 Trace 1 Trace 
Trace ~ Trace 
Ammo Plioa A 191 Trace 2 Trace 
Trace Trace Trace 
Ammo Phos A 573 Trace Trace Trace 
Trace 
- Trace 
Sodium titrate 129 Trace 1 Trace 
Trace - Trace 
SodiiM Sitrate 387 Trace Trace Trace 
Trace » Trace 
Amraoniimi Sulfate 101 Trace Trace Trace 
Trace 
- Trace 
Amnioniica Sulfate 303 Trace Trace WP 
Trace Trace 1 
Siiperphosphate 449 Trace Trace Trace 
Trace Trace Trace 
Su pe r plio s pha t e 1346 Trace Trace 
Trace - Trace 
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jars. Til© soil infusions and dilutions vrere Biade and the 
plates inoculated within 12 hours after sampling. Fifty 
grams of moist soil and 500 c,c. of 0.87 per cent sodiura 
chloride solution were used In making the infusions. 
The plates v/ere inoculated with 1 c.e. of a 1:1000 dilution 
for the mold coiintsj and for "bacteria, a dilution of 
1J 100,000 was used at the samplings from Hovember 29 to 
February 3 inclusive, and 1:10,000 at the later samplings. 
Peptone-glucose acid agar was used as the rnediujn for 
molds, and sodium albuminate agar for bacteria. The 
counts were made after incubation of the plates at room 
temperature for 3 and 7 days for the molds and. bacteria 
rsspGctlvely, 
The coraposition of these media was as follows: 






Water 1,000,0 c.e. 
25.0 gm, 
1,0 gm, 
0 ,5 gni, 
5.0 gm, 
10,0 giB. 
















The pi'oced\ires fallowed in preparS-ng these media are given 
by Fred and Waksinan (35). 
The average results of the mold counts are given in 
table 9, and the results for the duplicate soils in table 
10, The average results of the bacterial counts are re­
corded in table 11, and the detailed results in table 12, 
The numbers of molds showed a sharp decrease during 
the first month and a rather uniform trend thereafter^ 
marked by quite definite periodic increases and decreases 
from month to month. With the exception of superphosphate^ 
none of the fertilizer treatments had any great effect, 
the sodiuin nitrate showing a sli^t increase. The re­
sults on the superphosphate treated soils show that this 
material had a marked stimulating effect throu^out the 
ejcperiment, 
5he nmbers of bacteria also showed the same tenclency 
to decrease as was noted in the case of the molds. The 
decrease in the case of the bacteria continued until the 
sampling on larch 5th and was then followed by a slight 
increase in many of the soils. As in the case of the 
molds, the superphosphate treatments brought about a small, 
but definite, increase in mimbers. The cyansjnld treated 
soils showed a much slower decrease during the first two 
months than did the other nitrogen treated soils. The 
application of 300 pounds of cyanaraid seems to have had a 
TABLE 9 
Tlie Effect of Certain Fertilizers on W-ajnlDers of Molds in Soil; 
numbers per gram of Moist Soil. 
1'reatment :Pouxids : 
jper acre: 




: Dec.31 ; Feb. 3 
• 
• 
: Mar. 5 
• 
t Apr. 2 
No treatment 20,500 4,000 10,000 2,000 9,000 
Cyanamid lOO 24,500 8,000 13,000 3,000 10,000 
Cyanaiaid 300 18,000 4,500 10,000 4,000 9,000 
Amrao Ptios A 191 21,500 6,000 11,500 4,000 10,000 
Ammo Pb.os A 573 26,500 7,000 13,500 3,000 9,500 
Soditim nitrate 129 22,500 4,000 14,000 4,000 12,000 
Sodium Nitrate 387 27,000 2,500 12,000 3,500 12,000 
ArRtaonixim Sulfate 101 22,000 4,500 9,000 2,000 7,500 
Ammoniuir. .Sulfate 303 30,000 3,000 8,500 4,500 10,000 
super piio s pha t e 449 34,500 7,000 13,000 7,500 13,500 
Sup erpho s pbat e 1346 48,000 11,500 17,000 9,000 15,500 
mBIM 10 
Tile Effect of Certain FertiliZ0i?s on Hunibers of Molds in Soils 
Httmbers per gram of* Moist Soil. 
— —. -- . ^ ; pates of aaaapling 
Treatment iPoxxnds t ? s s 
iper acres Kov. 29 : Dec, 31 1 Feb. 3 ; Mar^ 5 1 ApPi, 2 













































































































































Tlie Effect of Certain Fertilisers on Hiarabers of Bacteria in Soils 
Thousands of Bacteria per gram of Moist Soil, 
; I Dates 6T~gaaipllng 
Treatment :Pounds : ; : : ; 
iper acre; Nov. 59 ; Deo. 31 i Fe"b, 5 ; Mar., S ' i Apr, 2 
No treatment 1,950 900 800 405 485 
Cyanamid 100 1,800 1,050 600 455 455 
Gyanamid 300 1,500 1,500 1,200 495 500 
Ammo Piios A 191 1,800 1,000 450 489 510 
Ammo Plios A 573 2,100 1,200 800 565 585 
Sodium Nitrate 129 1,950 650 500 450 580 
Sodium Nitrate 387 8,600 600 300 505 500 
Aiffinonium Sulfate 101 2,200 850 500 455 535 
Ammonium Sulfate 303 2,150 850 400 480 430 
Sup er p3ao s pha t e 449 1,900 1,200 700 630 730 
Superpho sphate 1346 1,950 1,000 1,600 825 720 
Tb.© Effect or Certain Fertilizers on NTambe3?s of Bacteria in Soils 
Tliousands of Bacteria per gram of Moist Soil. 
^ ^ ~ ' Dates of aaropling 
Treatment rpotinds t t x : 
sper acre; Hov. 29 ; Dec. 51 s Feb.3 i Mar, 5 Apr. S 
Ho treatment 1,900 700 700 420 470 
2,000 1,100 900 390 500 
Gyanamid. lOO 2,200 1,300 2G0 440 460 
1,400 800 600 ' 470 450 
Cyanamid 300 1,400 1^200 1,200 410 520 
1,700 1,800 1,200 580 480 
Aismo Phos A 191 1,900 1,000 500 510 480 
1,700 1,000 4G0 460 540 
Ammo Plios A 573 2,100 1,300 800 610 630 
2,100 1,100 200 520 540 
Sodi'ttm Hitrate 129 2,100 600 1,100 500 670 
l,8GO 70G 5GO 400 490 
Sodii3m Hitrat® 387 2,700 500 300 490 540 
2,500 700 300 520 460 
Ammonium Sulfate 101 2,200 800 400 460 660 
2,200 900 600 450 510 
Ammonium Sulfate 303 2,000 1,000 600 350 360 
2,300 700 200 610 500 
Superpliospliate 449 2,300 1,300 700 570 730 
1,500 1,100 700 690 310 
Sxxp e rpb-o s ptiat e 1346 1,80G 1,000 500 800 740 
2,iOO 900 1,600 850 700 
-44-
slight depressing effect on the nunihors of bacteria. 
F. Ths Effect of the B'erti-
lizera on the Aaimonifying 
Power of the Soils. 
The amittonifying power of the soils was raeaaured 
by determining the amount of aramonia produced in soils 
treated with dried blood, after incubation. Amounts of 
moist soil equivalent to 100 grams of air-dry soil were 
weighed out into glass ttimblers and 5 grams of dried blood, 
previously sieved throu^ a 1 i-»n. sieve, were added and 
thorou^ily mixed with the soil. Ths inoistur© content 
was then adjusted to the optimms (27^) and the treated 
soils incubated for V days at room temperature. They 
were then transferred to Ejeldahl flasks, 10 grams of sodium 
carbonate and about 500 e.c. of distilled water were added, 
and the ammonia liberated by aerating vigorously for 5 hours 
was collected in 0.1 I hydrochloric acid. Sodium alisarin 
s\ilphonate was used as an indicator in titrating the ex­
cess acid with 0.1 H sol^ition of sod3.um hydroxide. The 
details of this method have been described by Potter and 
Snyder (B2), Eleven units were connected in the series 
used in this work and the use of a'flow meter luade it 
possible to aerate each series uniformly. Althou^ care 
-45-
vas taken to raake all determinations in as un.ifoi'm a 
manner as possible, table 14 shows that the results vrere 
not entirely satisfactory. 
The results reported In table 13 show that the 
anttionifylng power of the soils increased slowly up to 
March 5 and then decreased sharply. Ifhile the superphos­
phate treated soils showed some increase in ar.imonifying 
power, none of the other treated soils showed any great 
effects from the treatmenta,. only a slight Increase over 
the untreated soil appearing, 
Q, The Effect of the Fertilisers 
on the Nitrifying Power of the Soils, 
5he nitrifying power of the soils was raeasured by 
detennining the amount of nitrates produced in 100 grains 
of soil v/hen treated with 30 mga. of nitrogen as ammonium 
sulfate. Amounts of moist soil equivalent to 100 grams 
of air dry soil were weighed out into glass tumblers and 
30 mgtn, of nitrogen added as aramonium sulfate. The moisture 
content of the soil was adjusted to the optimua at th© 
beginning of the incubation period and at the end of the 
second week. Incubation was for 4 weeks at room teinpera-
ttirej and the nitrates were determined as deacribed 
previously, fhe suinraary results are given in table 15, an<i 
13 
The Effect of Certain Fertilizers on the Ara-nonifylng Power of Soil; 









: Dec ^ 31 ! Feb* 3 : Mar. S * Apr^ 2 
Ko treatment 110 131 126 130 70 
Oyanamid 100 120 123 140 142 82 
Cyanamld 300 98 122 135 143 86 
Ammo Plios A 191 124 126 150 161 88 
Ammo Plios A 573 102 147 157 160 94 
Sodium Nitrate 129 102 125 140 147 90 
Soditim Hitrate 387 104 124 128 147 89 
Ammoniiam Sulfate 101 130 117 127 143 83 
Ammonium Sulfate 303 112 117 131 156 90 
Superphosphate 449 95 136 140 155 89 
Superphosphate 1346 120 136 130 157 88 
14 
^h© Effect of Certain Pertilizers on tlie Arainonifying Power of Soli; 
Mgm. Aiiamonla Px'oduced per" 100 grams of Air Dry Soili 
~™~~r ~ t i 3>a.-bes of Bampllng 
Tr-eatmenij ; Pounds t : % s 
iper acreI 29 : Bee. SI : Pebi 3 : 'Mar i 5 t Apr, 2 
Ho treatment 115 131 119 131 70 
105 72 153 128 70 
Gg^anainld 100 15S 124 134 136 77 
80 122 147 . 148 87 
Cyanamld 300 98 117 133 138 83 
- -
126 137 148 89 
Ammo Piios A 191 175 135 143 144 83 
73 117 157 179 93 
Ammo Vh-os A S7S 103 145 158 154 93 
102 152 155 165 95 
Soditim Hitrat© 129 106 124 136 142 85 
97 127 144 152 94 
SodlUEH IJltrate 387 104 124 128 140 90 
67 123 129 154 88 
Ammonixna Sulfate 101 130 119 129 146 85 
62 115 125 141 82 
Ammoniuia Stilf ate 303 125 117 131 162 88 
lOO 118 131 150 92 
S"uperpliospbate 449 82 124 143 154 83 
108 148 138 157 95 
Superpiios pli at e 1346 105 109 131 155 86 
136 136 128 158 90 
TABLE 15 
Tiie Effect of Gert-ain Fertilisers on ttie STitrlfying Powor of Soils 
Mgm„ Kitrs-te 5Iitrogen Produced per 100 grams Air Dry Soil. 
: ; Date of sampllrig 
Treatment ;Pounds ; : ; : 
Jper acre: Dec .. 16 t Jan, . 17 ; Feb., , 18 ! Mar, . 19 : Apr, . 18 
Ho treatment 6. 20 a. .99 5. 59 4. 94 5, .38 
Gyanainid 100 5^ 73 8. 67 5, .34 4, .70 4. 82 
Cyanamid 300 5. 80 8. 12 6. 14 5. 63 5, .62 
Ammo Phos A 191 5. 49 8, .39 5, .50 4. 72 4. 33 
Ammo Phoa A 573 6. 00 8. 70 4. 59 4. 39 4. 60 
Sodiiim Nitrate 129 6, 18 9, ,61 6. 62 5. 84 4, .64 
Sodittm filtrate 507 5. 36 9. 66 6, .11 5. 83 4. 38 
AraraonitiHi Sulfate 101 6. 73 10. 30 6 , .86 5. 30 5, .78 
Ammonium Sulfate 303 6 » 96 11. 83 5, 92 5. 50 4, .89 
Sup er piio spiia t e 449 8. 20 11. ,87 7, .05 6 , .38 6 . 97 
Superphosphate' 1346 6. 43 9. 87 5. 89 5. 70 6, .06 
•*•49"' 
the detailed results, in table 16, The figures given 
Topresent the differences hetv/een the nitr-ate content of 
the soils at the begiraiing and at the end of the incuba­
tion pepiod, -^Tlth the following exception. As the results 
of the nitrate determinations on the soils sampled on 
Pecember 16 were lost, the amount of nitrates present in 
the soils on January 17 were used in making the calcula­
tions for the figures reported for Deceaher 16 in tables 
15 and 16. As the increase in the nitrate content of the \ 
soils wag small (see table 6) it is not believed that any ^ 
appreciabls error has been introduced in the results by 
this calculation. 
A study of table 16 shows that the nitrifying power 
increased in the first month, then decreased aboiit on© 
third during the next month, and changed but little through 
the ne:xt two months. With the exception of a slight in­
crease froia the superphosphate treatments,, no marked effects 
from the variotis fertilizer additions are evident. 
In table lY the amounts of nitrites present in the 
nitrification culture experiments, are given. The method 
of determination was the same as that discussed above, 
lo appreciable amounts of nitrites were found and these 
determinations were not made after the ttaird sampling. 
TABES 16 
Tiie Effect of Certain Fer'tilizei's on the Nitrifying Power of Soil; 
Hitrate Nitrogen Prodixced per lOO grains Air Dry Soil. 
... ^ ^ ~i t • I>ate of saapllng 
^rreatinerit i Pounds ; ; : s t 
tper acre: Dec, . 16 ; Jan, 17 : Fefe. 18 s Mar . 19 t Apr. 18 
Ho treatment 6. ,30 8 .90 5 .21 4. 65 4, 25 
6. •lO 9 .08 5 .97 a. 22 6.. 52 
Gyanamid 100 5. 80 8 »75 5 .18 4, 70 4. 56 
5. 65 8 .60 5 .49 • 4. 70 5. OS 
Gyanaraid. 500 5, .91 8 .29 6 ,11 5. • 46 4. 24 
5, ,68 7 ,95 6 .17 5. 80 6. 00 
Amsio PJiGS A 191 5,59 8 .37 5 .60 4. 92 3. 52 
5. i.39 8 .41 5 .41 4. 51 5, 14 
Anffiio Piios A 575 6 i .08 8 .86 4 .62 4i ,56 3^88 
5. 93 8 .71 4 .55 4. 22 5. 32 
Soditmi Hitrate 129 6. 3S 9 .70 6 .62 5, .95 3:. 81 
6; ,05 9 i,52 6 .62 5. 74 5-47 
Sodium Hitrate 387 5. 75 9 .66 6 .32 5< .95 2-84 
, , 
4.96 9 .66 5 .90 5, 12 5. 92 
Ammonixjm sulfate lOl 6. .65 9 .76 7 .26 5, .30 5.. 14 
6. 81 10 .86 6 .46 5, .29 6,. 42 
AalHloni^^m Sulfate 303 7. 64 11 .74 5 ,39 5, 16 3,. 69 
6. 28 11 .92 6 .55 5, .84 6,. OO 
SUpe r piao sp^at © 449 8. 03 11 .39 7 .OO 6. 62 6. 90 
8. .38 12 ,34 7. .10 6, .15 7. 04 
Superpliospliate 1346 6. 40 9 .00 5 ,45 5. 50 4. 86 
6, .47 9 .54 6 .35 5. .90 7. 26 
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TABLS 17 
litrites Present in Nitrification Culture ExperiBients. 
; Dates of sampling 
Pounds ; ; ; 





Asffiio Phos A 







Sodium Kitrate 387 
ATTfflionium Sulfate 101 



























H. Effect of the Fertilizers on 
Hitrogen Pisation, 
The nitrogen fixing power of the soils was deter­
mined using the following procedure. Fifty, c.e, portions 
of nitrogen-free wannitol solution were placed in 250 c.c, 
Erlenmeyer flasks, inoculated with 10 c.c, of a 1:10 
soil Infusion, and incubated 3 weeks at room temperature. 
The nitrogen in the cultures was then reduced with 
De"irarda's alloy and distilled into standard acid using the 
Kjeldahl-GiAiming method. The composition of the medim 
was as follows: 
Mannitol 10.0 gm. 
DipotassiuTii phosphate 0.5 grti. 
Magnesium sulfate • 0.8 gra. 
Sodium chloride G»2 gra. 
Manganese sulfate trace 
Ferric chloride trace 
Distilled \natQT 1,000.0 c.c. 
The results reported in table 18 show that no 
nitrogen Yms fixed; and after the second deteimination, 
no further tests along this line 'sere made. 
On January 21, tests were made on all the 
soils for the presence of Azotobacter by Winogradsky'a 
macroscopic spontaneous culture method 
^53** 
TABLE 18 
The Effect of Certain Fertilisers on Nitrogen 








Kov. 29 : 
sampling 
Dec-. 31 
Ho treatment 0 0 
0 0 
Cyanamid 100 0 0 
0 0 
Cyanaraid 300 0 0 
0 0 
Ammo Phos A 191 0 0 
0 0 
Amino Phos A 573 0 0 
0 0 
Sodium litrate 129 0 0 
0 0 
Sodium Nitrate 387 0 0 
0 0 
AMiiionium Sulfate 101 0 0 
0 G 
Amraoniiuii Sulfate 303 0 0 
0 0 
Superphosphate 449 0 0 
0 0 
fJuperphoapliate 1346 0 0 
0 0 
—54— 
(Fred and laksraan (35), p, 114). 
After Incubation for 3 days at 26 degrees C. the 
surface of the soils was v/ell covered with colonies in­
dicating the presence of Azotobaeter. 
I, Miscellaneous Experiments« 
X. Effect of th© fertilisers 
on nitrate assimilation. 
On March 9, a series of tests were set up In the 
laboratory to determine the nitrate assiiuilating power of 
the soils. Amounts of moist soil equivalent to 100 grams 
of air dry soil ?/ere weired out into glass tumbler's, and 
24»08 B3gm. of nitrogen added as potassium nitrate, The 
moisture content of the soils was brou^t to the optimum 
and the soils were incubated for 2 weka at room tetnpera-
tur©. The nitrate content of the soils was deteriained at 
the beginning and at the end of the incubation, using the 
method previously described. 
The results reported in table 19 show no effects 
of the treatments. 
2. Numbers of bacteria developing on 
sodixan albuminate agar and aaparagin 
inannitol agar. 
On March 5, a compariaon was made of the number of 
bacterial colonies developing on sodium albuminate agar 
TABLS 19 
Tiie Sffect of Certain Fertilizers on the Hitrate Assimilating Power of Soils 









Aiasio Plios A 




AnanonisaiB Sulf a.t© 



































































































and on asparagin marmitol agar. The composition of the 
latter medium is as follovrss 
Agar 15,0 gm., 
Dipotassium phosphate 1,0 g^. 
Potassium nitrate 0,5 gm. 
lagnesiiLni sulfate 0.2 gKi, 
Calcium chloride 0.1 gm. 
Sodium chloride 0,1 gtti. 
Ferric chloride trace 
isparagin 0,5 gm, 
Mannitol 1.0 gm. 
Water 1,000,0 c.c. 
and the method of preparation is given hy Fred and 
Waksman {(35) p, 11), 
fhe results given in tahl© 20 show that this laodium 
did not give as large counts in most cases as did tho 
sodiUBi albuminate agar. 
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TABLE 20 
lumber of Bacteria Developing on Sodium Albuminate 












lo treatment 420 270 
Cyanamid 100 440 290 
Cyanamid 300 410 380 
Aket-o Phos A 191 510 340 
Amnio Phos A 573 610 380 
Sodium Hitrate 129 600 330 
Sodium Hltrate 387 490 280 
Ammonium Sulfate 101 460 230 
Airmonium Sulfate 303 350 3S0 
Superphosphate ' 449 570 660 
Superphosphate 1346 800 860 
Part It Bxperlment II. The Effect 
of Cyananildj Soditm Hltratey and 
Calolxtm Hydroxide on Rmbers of 
Molds and Bacteria and Carl)oa Dloa''' 
ide Production in Soil, 
This experiment was set up in the laboratory under 
controlled conditions to test the effect of cyanamld, 
sodiixm nitrate, and calcium hydroxide on nurabers of 
"bacteria and molds and on carbon dioxide production! also 
to study the relation betv/een numbers of microorganisms 
and carbon dioxide production. 
On June 29, 19S1, a quantity of virgin Garrington 
loam was secured from the Agronomy Farm from approxifflately 
the same location as that used in experiment I. Shis was 
sieved and lots of 4,0Q0 grams were \Teighed out into one-
gallon glazed pots. Th© fertilizer applications were 
made on the basis of 2,000,000 pounds of soil per acre, 
and T/ere thoroughly mixed with the entire amount of soil, 
eyanamid was applied at the rate of 100, 300, and 500 
pounds per acre, sodium nitrate, 388 and 646 pounds per 
acre.{equivalent to the nitrogen content of 300 and 500 
pounds of. eyanamid), and calcixim hydroxide, 62.5 and 87,5 
pounds per acre (equivalent to the caleiim hydroxide con­
tent of 300 and 500 pounds of eyanartiid). Shere were no 
duplicate treatiueata but the utmost care was taken to 
have the entire • amount of soil thoroughly mzed before 
the pots were filled. The amount of distilled v/ater 
necessary to "bring the soils up to the optiEjum moisture 
content was added to the untreated and cyanawid treated 
soils on July 1, and to the others on July 3. 
fhe soils v/ere sampled at the beginning of each 
Yireek and made up to optimum moisture content imediately 
after sampling. The saraples were taken by mixing the 
top 4 inches of soil thorou^ily with a sterile trowel and 
then taking a representative sample. 
The counts of molds and bacteria were made by the 
methods described in Experiment I, part E, using dilutions 
of ItlOOO and 1:100,000 for the mold and bacterial counts 
respectively. The amounts of carbon dioxide produced by 
these soils was determined by weighing out duplicate 
samples of racist soil equivalent to 100 grams of air dry 
soil and placing thesi in calibrated one-liter Erleraneyer 
flasks. This soil had been passed through a 2 heu sieve. 
The soils were then ffiade up to oO per cent moisture and the 
flasks closed with rubber stoppers which v/ere provided 
with inlet and outlet tubes and a mercury seal stirrer. 
The flasks were immersed up to the neck in a constant 
temperature water bath and the outlet tube allowed to re-
"60' 
main open to the air. After equilibrlusj Md "been reached 
20 minutes later, this opening was closed and the flaslc 
incubated 18 to 24 hours at 25 degrees C. Observations 
made from tiiae to time during the experiment shovted that 
the temperature of the water in the bath remained con­
stant within less than 0.1 degree C. At the end of the 
incubation period, the air in the flask was stirred thor-
ou^ly by means of a aaiall electrie motor attached to the 
mercury seal stirrer, and the per cent of carbon dioxide 
in the air was determined by a Saldane gas analysis 
apparatus. The micro-pipetts ia this apparatus was 
calibrated in 0.001 c,c« divisions which made it possible 
to irialse very accurate measurements. The details of this 
method ha\i!B been described by Smith and Brown (90). 
The milligrams of carbon dioxide produced per 100 
grains of soil in 24 hours were calculated as follov/s; 
Vol =: ¥ol* of flask » (_i22— 4 Yol. of -moisture content) 
sp.gr. 
Vol X % COg X Density = GOg in flask 
(COp in flask) - (GOo in laboratory air) x 24 (Mgta.COo 
r • - ^ ~ (per loo 
fiiae in hours " ( gm.of air 
(dry soil 
As numerous tests showed that the amount of cai'bon 
dioxide In the laboratory air was about 0.03 per cent this 
value was used in making the calculations. Hhe assumption 
was also raade that the rate of carbon dioxide production 
•"6X~ 
during tiie first 24 hours vifas quite miforra. fhe average 
amounts of carbon dioxide produced are reported in 
table 21, and the determinations on the duplicate flasks 
in table 32. The nusabers of molds and baeteria are re­
ported in table 23. The variations in these results can 
best be understood by referring to plates I and II. In 
plotting these curves,, different scales were used for the 
values for nurabera of molds, numbers of bacteria, and 
amounts of carbon dioxide produced, Those chosen allovifed 
the three curves to fall close together and made compari­
sons easy. The deterrainations on the untreated soil on 
August 17, and on August 13 on the soil treated with 646 
pounds of sodluffl nitrate per acre are abnormal and ?/ill 
not be considered. 
The curves in sections A and B of plate II show 
that while the numbers of bacteria follof,' the same general 
trend, the numbers of molds shov/ no uniformity. The 
numbers of bacteria reached a peak in about tv70 weeks, 
dropped markedly the following week, and then increased 
gradually. The raost marked effect noted was that the 
numbers in the treated soils were slii^tly less than those 
in the untreated soil; and that as the applications of 
cyanamid increased in amount, the numbers of bacteria de­
creased. This same effect of cyanasiid can be noted in 
th© numbers of molds. Other variations will be noted later 
I'mm 21 
She Iffect of Cyaiismld:^ Sodliw Iftz'ate en( 
DlOKids Prodtictloii in Soils Mga.: Ci 
in 24 Houi's pe2» 100 gPauis . 
4 
I Pdusias 
feeatsaeat ? per aes?© 









n « a « 





Ho treatment 4ai 8,88 S. 
Gyanamid lOO sas 2*49 2, 
Cyanamid 300 3»:G9 2.15 • 2. 
Gyaiiamid 500 S*96 2M 2. 
Sodixm nitrate 388 S>S9 S.62 
Sodim iiit3?ate: 646 2»4S §*3S 
Calcitun; h|d3?Qxide 62,»5 sag S.50 
Calcitua h^roxida 87^5 S»4S 3*78 
• 
As tie watei? bath used held only eight flasks^ it %m& necQssarf 
to sample the soditim nifep^te and ealciim hydrosid© treated soils 
t^6 dajs later than the untrefeted and cyanaeiid tipeatod soils. 

and Galcim Hydroxide m Gayboa 
u Dioxifi© ' Produced 
HIE! Ail? Drf Soli. 
Dates of sampi; 
• '  : 
, 
s iiiffl; iif ;, : Aumist . ;.{ 
• 
21 S 25 
« B 
:S 28 S 30 
* 
• 1 
J 4 j ; 6 s 11 : 
* 
13 t ' l 9  
Si:Gi • 3^90 2.5^ 
— 
"9,^5 
2M S.3Q SvSS 2.34 
2*4S S.S7 2,68 2,27 2.61 
2,05 2.01 2.54 1.88 2.05 
3*46 2i46 S*38 2A7 2.86 
3i6S 2.26 3,37 11.36 3,00 
S»M S,3S S.H 2,2S 3.36 






®ie lff6Ct of OyaiiaMdj, Sodim Kitpat© an 
Dioxide F2?odacti6ii in Soils, Mgpi. G 
in 24 Horn's p& 100 grams 
{ PoiiEds J 
Treatmsnt ! per aore J ' ^ v3S 1 • ijti. ^  • ; • Mly' 
•• 
• : 7 
'9. 
M 
J 9 ; 14 t 16 
« « 



























Sodiim nifeate 646 2 »i40 3.3$ 
MOW 








fis %&.,© wEtei* 'bath used lield oialy ©igiit fiasksi, it was necessi 
to Bams^ls ths sGdim nitjjat© .and c&ioitM hfafoxlds treated 
soils two dafs later thajl th® liBtreated tod eyamamd treated 
soils, 

irate anci Calcitaii HjSyiiPGXicie on Capbon 
Hgm. Gai'lDOH Dioxide Produced 
I gptmia Ais?. Soil* 
Sates of sanpliiag;/^ . 
' m- ' ' A  • • ( » • ' • • • •  A  •  
I . . .  
!, ,$3 ' i 28 t 30: 4 s,. 6 s 11 s' 13 ^ i'r 17 8 19 
i.Ol 3.71 3.99 S#59 lOiSg 
i».00 3.71 • • 3i,80 2r57 8.-98 
m • 2.B7 3-^25 2i^51 • 2 .-SS 
.97 3.30 3.'30 • 2^07 
i9e' 2.37 2.93 2M • 2.63 
,*94 8.37 2,44 2.21 * 2.-59 
»;05 2i.01 Si=04, •1^88 2^04 
^06 S»G2 S.55 «H mi M.M' 
. . 
2.-05 
3i25 g»47 3.4S 2,48 dm 
3.>66 2.46 3,-35 2.46 3v86 
s;-55 3.40 13i'96 3vl0 
3».75 Si30 S.^33 8*'77 2.!9l 
•$m • 3i46-' 3,16 2*43 3.42 
S«30 3.80 3.06 2.01 3.32 
3a9 3^27 '• 3rS9 2v69 3.40 





(i?he Effect of Gyanamid, Sodium Mts 





TreatasHt 5 PoujadB , • tTiil r,,:,.. J. -.auiy 









Gyansmid SGO a,so0 2,100 1,900 
Cyanamid 500 2,S00 . 1,900' 2,200 
SodiiJE! nitrate 388 1,900 1,900 
SodiiM nitrate 646 900 1,400 
CalciiBH hydrozide 62.8 IjlOO , 2,200 
Caleiuffi liydi^oside 1,400 1^700 
!Ehe Effeet of Gyanaaid^ Sodium lii 
of'"lQlds la .Soils 1\ 
a 
•• .H « 
* 
Treatment s Pouaads July i 'Mtil •y ^ i tfuiy 
ft 
* per acre: • ' 9 ! l4 ;• • 
Ko treatrasnt 21,000 SV^GOO .16,000 
Cyanamid 100 19,000 20,000 15,000 
pyaaaJBid soo 16,000 21,000 19,000 
Cyanamid 500 23,000 18,000 17,000 
Sodiia nitrate 338 14,000 20,000 
sodi"i3ai nitrats dda VTBW 10,000 14,000 
Calcitiai liylposide QBS 17,000 23,000 
Galeitim hydroxide 22,000 22,000 
As tM watei"' "bCitb. lissd iieid only ' flasl£s it was" iieees&a; 
to 'sample tlie sodi'tiPtt niti'atfe tod caleii^ hyas^bxide' tt'eated so; 
two days later fesia tke untreated and ^yaiiainld treated soils. 
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Wm 8:5 ^ 
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in the disciissfoa. 
Section D of plate II shows cieaplj that the 
carbon dioxide production of the untreated and cjanarnid 
treated soils varied in the saine as did the numbers 
of iDacteria, the larger the application of cyanamid the 
greater the decrease in the amount of carbon dioxide 
produced. The carbon dioxide produeed by the soils treated 
vi?ith sodiim nitrate and calciua hydroxide followed the 
saffle general trend but the curves plotted in section E, 
plate II, show marked variation from those in section D. 
Plate I and sections C and P of plate II shov/ the relation 
between the numbers of molds and bacteria and cai'bon 
dioxide ri'oduced. These curves show that the nuinbers of 
irdcroorganisms developixig on artificial iiiedia may not 
always bear a direct relationship to the amounts of carbon 
dioxide produced, althou^ a rou^ agreement between 
numbers of microorganisms and the amounts of carbon diox» 
Ide produced may be noted when the effects of the differ­
ent treatitients are compared. 
-68-
Part I; Experiment III. A Com­
parison of Three Laboratory 
Methods for Determining Carbon 
Dioxide Production in Soil. 
Before proceeding r/ith further studies on the re­
lation bety^een numbers of mlcroorganisras and carbon 
dioxide produced, ttoee laboratory methods for studying 
carbon dioxide production ^vero compared, the aeration 
method, the so-called accumulation method and the com­
bination of the accumulation and aeration methods. The 
study vras carried out according to the following pi'ocedure. 
About 1,000 grams of Carrington loam were passed 
throu^ a 2 mm. sievQ, carefully mixed, and 6 samples of 
the soil equivalent to 100 grams of air dry soil were 
weighed ou.t. In order to stiinulats carbon dioxide produc­
tion, one gram of finely ground straw was carefully mixed 
?/ith each sample which was then placed in a calibrated 
one-liter Srlenmeysr flask and the moisture content of the 
soil mad© up to 30 per cent. The three sets of duplicate 
Bainples were then Incubated in a constant temperature 
water bath at 25 degs^ees G. The amounts of carbon dioxide 
produced by the soil in each flask were determined at 
the end of each 24 hour period for 10 days when the carbon 
dioxide production apparently reached an equilibritmi, and 
the experiment was dlacontinued. 
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The study of the aeration method was carried ont 
according to the procedure proposed by l^Mcsraan and 
Starkey (96)* fhe air passing over the soils was drarm 
from a coramon distribution chamber. The air passing 
into this chamber was freed of carbon dioxide and ain-aonia, 
and made up to a uniform moisture contont by bubbling 
successiTCly through tvfo 50 per cent solutions of potassium 
hydroxide and a 10 per cent solution of sulfuric acid, 
An ordinary water pump furnished the suction and a suction 
charAber provided with a mercury valve v/as a rarest aid in 
maintaining a uniform rate of flow, A flow meter (calibrat-
~ed to 5 liters per hour against a wt test meter) placed 
in each line bet^?een the absorption train and the suction 
chamber insured an equal flow of air over each sample. 
The absorption train for each line consisted of four 
250 c,c, extraction flasks connected in series, each of 
which contained 100 c.c, of 0,0S H potassiura hydroxide. 
The inlet into each flask ?ms a glass tube which 
reached to the bottom of the flask and terminated in a 
small bulb in ?jhich 3 or 4 fine holes had been raade. This 
type of absorption flask was more satisfactory than the 
standard absorption towers. The inlet biilbs broke up the 
stream of air into small bubbles insuring efficient absorp­
tion of the carbon dioxide, and the titration of the ex­
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cess base eould. be carried out in the flask. Before 
titrating the excess base, sufficient bariuHi chloride 
solxition waa added to precipitate all the carbonate present 
and leave a sli^t excess, The excess base was then 
titrated with 0»1 I hydrochloric acid using phenolphthalein 
as an indicator, the titration being Diad© quickly. 
fhe essentials of the procedure used in the accuaia-
lation method have been described under the methods used 
in experiment II. It varied in that, after sampling the 
air in the flask, the inlet and outlet were closed and 
the carbon dioxide allowed to accumulate, A U-tube Gon~ 
taining soda lime was connected to the inlet of the flask 
at the time of sampling to prevent the entrance of any 
carbon dioxide from the laboratory air. Th© Haldans 
apparatus used was one designed and assembled by Dr. P«B. 
Smith and the witer. The parts were mounted on a l/2" 
cypress board 5" s 18" which fitted tightly inside a 
cylindrical museum jar used as a water bath. The apparatus 
?/as almost completely iramersed in water and circulation 
provided betvreen the large water bath and the bath of the 
Haldane apparatus by an air lift pump and a siphon. This 
arrangement proved very satisfactory and greatly increased 
the speed v/ith which readings could be made. The micro-
pipette in this apparatus was calibrated in 0.01 e.c. 
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divisions. The concentration of carbon dioxide in the 
air in these flasks reached 10 per cent at the end of the 
6th day and over 12 per cent at the end of the Gxperi-
ment. Difficulty was experienced in reading such high 
concentrations as the air drawn into the incubation flaak 
when a sampling was taken ca^ised a marked loivering of the 
concentration of carbon dioxide in the succeeding sample. 
While the readings recorded for the 7th, 8th and 9th days 
showed an irregular variation in the production of carbon 
dioxide, it is felt that the last reading made was accurate 
and that the amount of carbon dioxide produced during the 
experiment shoY/s the actual produ.ction. 
fhe procedure used in the accumulation-aeration 
method was the sattie as that described In the preceding 
paragraph with this variation. Each day after determining 
the aino\mt of carbon dioxide, the outlet of the flask was 
connected to a water pump and the air in the flask re­
placed vfith laboratory air by flushing out vigorously for 
15 minutes. The inlet and outlet were then closed and 
accujaulation allowed to take place for another day. 
The amounts of carbon dioxide produced each day 
are recorded in table 24. In the case of the aeeuraulatlon-
aeration method^ dsductions have been made for the carbon, 
dioxide in the laboratory air; and in the case of the 
TABLE 34 
A Gomparlson of Ttiree Laboratory Methods for Measuring 
the Carbon Bioxide P^odl^ction in Soil: Bfgm, of Carbon 
Dioxide Produced in 24 Hours by Duplicate Samples of 
100 grams Air Dry Soil, 
Date : Aocumulation jAccumulation-aeration ; Aeration 
; raetliod ; method t metliod 
Dec. 30 39. S8 4c)« 33 31.64 31.50 31.30 30.00 
SI 35.91 32.21 44.38 41. 02 31.95 29.35 
Jan. 1 53.26 53 • 01 56,89 56,50 51.75 51.15 
2 57.41 54*56 35.98 34.63 33.95 32.85 
3 24.85 22.31 27.39 27.81 22.70 18.75 
4 23.65 21,09 21.79 22.12 15.65 14.35 
5 17.80 13.63 18.41 18.28 11.65 11.10 
6 16.68 14.14 15.69 15.49 11.65 11.25 
7 17.00 19.84 13.86 13.91 10.15 8.40 
8 13,00 17.23 14.15 14.50 6.85 5.50 
Total 278.84 271.34 280.18 275.76 227.60 212.73 
^ moisture 
at end of 32.G 32.O 23.0 23.0 17.0 13.0 
experiment 
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results of the accumulation method, corrections have been 
made for the aiaomts of carbon dioxide '.ised in the daily 
rJeterminations, fhe per cent of moisture present in these 
soils at the end of the 10 days is also reported. 
These results shoiif that the amount of carbon dioxide 
produced by soil ixnder the different conditions used in 
this study were the same for the first 5 days. During 
the last five days the amount produced under the aeration 
method decreased when compared with the amounts produced 
by the other txvo methods; and this xiras probably due to 
the decrease in moisture consent. No differences between 
the amounts of carbon dioxide produced under the accumula­
tion and the acctwrnilation-aeration conditions were noted. 
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Part It Experlxnent IV. The 
Effect of Qyanatald, Farm 
Manure, and. G-reen Hanirce oa 
NiMbers of Bacteria and. Car­
bon Dioxide Production la 
In 5oll» 
This experiment v/as set up in the laboratory nndea? 
eontrolled conditions to test the effect of cyanainld, 
manure, and green manure, cyanaKiid and manxire, and cyanamid 
and green manure on the numbers of bacteria and on carbon 
dioxide production, and to further study the relation 
between the numbers of bacteria developing on an artificial 
mediiaa and carbon dioxide production, 
(This test was set up and carried out in the same 
manner as experiment II. Gyanamid vms applied in all eases 
at the rate of 100 poimds per acre, finely ground, dried 
horse manure at the rate of 2 tons of dry matter per acre, 
and green manure (a finely ground mixture of timothy, 
alfalfa, red cloTCr and s-woet clover) at the rate of 2 tons 
of dry matter per acre. The treatments in which cyanatnid 
wag used were made on January 11, 1932 and the others, on 
January 24 when all the soils were brought up to the 
optirniaa moisture content, fhe first sampling was made on 
February 1, 
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Tile results of this work are gi^ren in table S5 and 
the duplicate carbon dioxide deterrninations in table 26. 
The numbers of bacteria decreased gradually until the end 
of the third week and then increased slightly. In all 
cases, except one, the numbers present in the untreated 
soil were greater than those in the soil treated with 
cyanamid, while with tlie soils treated with mixtures of 
cyanamid and wanure, and cyanamid and green nanujre there 
were greater numbers than in the soils treated vfith 
manure and green manure without the cyanamid. 
The amounts of carbon dioxide produced in the 
maniire treated soils T/ere nearly t?.dc0 as large as those 
produced in the untreated and cyanamid treated soils. 
Using the imtreated soil as a basis for comparison, the 
amounts of carbon dioxide produced by the soils treated 
with manure alone were not directly proportional to the 
number of bacteria present., although rou.ghly speaking, the 
larger the mrab.er of bacteria present, the greater the 
amomts of carbon dioxide produced. A study of the cyanamid 
treated soils shows that a more direct relationship existed 
in these soils. With two exceptions, the soil treated 
with cyanamid produced slightly less carbon dioxide than 
the untreated soil, and the cyanamid and rr,anu.re corabina-
TABLE 25 
The Erfeet or Cyanamid, Manure, Gi'een Manure, Cyanamid and 
Manure, and Cyanamid and Green M^ure on Cartoon Dioxide 
Production In Soil; Mgm. Garlbon pio:x:ide Produced in 24 Hours 
per IGO grams of Air Dry Soil, 
Treatment 
Pounds per acre 
Dates of samj Dling^;-
; Feb. : Feb". : . . Feb, 
; I t  4 ; 10 : ^ 2 r 15 ; 17 23 : 25 
No treatment 6.33 4,46 5.69 3.95 
Manure 4,000 IS. 28 9.73 9.26 7.09 
Green manure 4,000 13.69 8.86 9.15 6,69 
Oyanarnid 100 6 ,95 4.06 5.05 4.22 
Cyanamid IGO 4- manure 4,000 11 .41 7.05 7.87 6.75 
Cyanamid 100 + green nianure 4,000 11 .61 6.58 7,51 6.68 
Tb.0 Effect of Cyanamid, Manure, Green Manure, Cyanamid and 
Manure, and Oyanarnid and Green Manua?e on Uuraoers of Bacteria 
in Soil: Thousands of Bacteria per gram of Moist Soil* 
Dates of aampllng-:^ 
Treatment 
Pounds per acre 
: Feb, : Feb, : Feb. : F0t} • 
: 1 : 4^ : ^ 0 ; 12 : 15 ; 17 ; 23. : 25 . 
Wo treatment 6,100 5,000 3,900 5,000 
Mariui»e 4,000 7,300 5,400 4,500 6,000 
Green manure 4,000 12,200 6,400 5,200 6,400 
Cyanamid. 100 5,200 5,300 3,700 4,400 
Gyanamld lOO + manure 4,000 8,600 7,300 9,200 6,300 
Cyanamid 100 + green manure 4,000 7,300 9,900 8,900 7,000 
As the water hath used held only 6 flasks Gonveniently, it was necessary to sample 
•fchs cyanamid treated soils two days later than the untreated, manure and green 
manure treated soils. 
TABLE 26 
Th.e Efrect of Cyanamid, Manure, Gveen Manure, Cyanamid and Jfenui?©, 
and Cyanamid and Green Manure on Carbon Dioxide Production in Soil: 
Mgm. Carbon Dioxide Produced in 24 Hours per 100 grams ot Air Dry 
Soil. 
Dates of sampllng-s:-
Treatment : Feb. 5 Peb. • P©b Feb. 
Pounds per acre ; 1 J 4 ; 10 : 12 • • ••'IB' : 17 : 2S 25 


















































As tiie water batii used lield only 6 flasks conveniently, it 
was necessary to saraple th© cyanamid treated soils tv/o days 
later tlian the iintreatod, maniire and greon manure treated soils. 
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tions produced, less than the treatment with laamire alone, 
She fact should also "be noted that, while the soils 
treated v/itb. the cyanaiTiid and manure combinations con­
tained lapgei'' numhers of hacteria than the soils re­
ceiving ruamirea alone, they produced smaller amounts of 
carhon dioxide, 
•Part II; The Effect of 
Gyanair.id^ Arnrao phos and 
Armiio Phos So on the 
Yield of Cong on Ioto 
Soils. 
The effects of cyanamid, alone and in com'bination. 
Ammo Phos J and Amino Phos So on the yield of corn were 
tested undsy field conditions on some of the most ex­
tensive soil types in Iowa, This work vms carried out 
in cooperation with the farmers on whose farms the series 
of 83q3erim0ntal plots were located, 
The fertilizers used were manufactured by the 
American Cyanaraid Oo,, New York, and guaranteed to con­
tain the following percentages of plant food. 
-79-




; Per cent : 




; Per cent 
KgO 
Cyanaiaid ' 21.5 0 0 
AHtfi)o Phos 11,0 47,0 0 
Ammo Phos So 10.0 30,0 10.0 
The plots in every series were l/lO acre in size 
and contained either 4 rows of corn 89 hills long, or 
6 roT/s, 59 hills long. The treatments were as follows: 
1. Ko treatment. 
2. Cyanarcid,. applied at the rate of 200 Ihs. per acre 
as a side dressing when the corn was 6-8 Inches hi^. 
3. kmo Phos, applied at the rate of 100 lbs. per acre^ 
hill dropped at time of planting, 
4« Combination of treatments 2 and 3, 
8. kmo Phos Ko, applied at the rate of 100 lbs. per acre, 
hill dropped at time of planting. 
The fertilizer attachments used in this vrork were 
four John Deere planters #999 and 335, These were set up 
at the Agronomy Farm of the Iowa Agricultural Experiment 
Station before planting time and carefully calibrate for 
the desired araount. These were then attached to the 
farmers' planters in the field thus insuring uniform 
-80-
fortilisafeion of the various fields. I'yhere no siiitabls 
planters w«re available, the applications were broadcast 
by ha-nd. and the results from these fields are 5.ndicated 
on the tables, This T/ork was carried oixt during the 
seasons of 19S0 and 1931. The yields of corn for the 
first jenr aro reported in table 87, and the second year 
in table 28. 
TABLE 27 
The Effect of Cyanamid, Ammo Plios, Asmao Plios Ko, and Ammo 




t Soil type 
M 
• 
; Treatment : Yield 
{ Bu. per. Acre. 
Adair Tama silt loam "^^Ho treatment 62.0 
Gyanamid 62.3 
Ammo Phois 59. S 
Aiamo Plios cyanaraid 61.6 
Axamo Plaos Ko 60,6 
Benton Tama silt loam SIo treatment 48.4 
dyanaiald 55.5 
Asmio Plios 4.3.7 
Amrao Pta,os + cyanaitiid 53. O 
Ammo Plios Ko 43.8 
Buena Vista Clarion loam No treatment 53.7 
Gyanamid 57.4 
Amino Piios 51.5 
Ammo Plios + cyanamid 56.0 
Ammo Phos Ko 51.5 
Clark Slielby loam "•^Ho treatment 33.6 
Gyanamid 29.9 
Ammo Plios 28.2 
Aiamo Phos + cyanamid 29.7 
Ammo Pb.os Ko 31.7 
Application to th.is field made 
•broadeast (applications to otiiei? 
fields made witli planter attacbjaent). (tatol© continued) 
TABLE 87 (continued) 
Coxxnty Soil type Treatment 
^.Yleld 
Bit , per" acre 
Clay Carrlngton loam 
Clay Carrlnjgton loam 
Clay O'lsfelll loam 
Dallas Garfington fine sandy loaia 




AiTKBo Phos •}- cyanamid 




Ammo Ph.oB + cyanamid 




Aiamo Plios + cyanaxnid 




Ammo Phos 4- cyanamid 




Ammo Plios + cyanamid 


























Application to tl'iis field made 
broadcast (applications to otiier 
fields mad© viritli planter attaoliment) . (tatole continued) 
STABLE 27 (continued) 




Ammo Plios h- cyanaraid. 




ACTTIO Phios -F cyanamid 













Amino Pb.os + cyanarnid 




-^nimo Plios + oyanamid 




Ainmo Phoa + eyaixamid 



















Coun-ty Soil type 
Payette Carrington loam 
Greene Carrington loam 
Grundy Carrington silt loam 
(Jrundy Tama silt loam 
Haxnilton Clarion loam 
Application to this field mad© 
broadcast (applications to other 
fields mad© with planter attaohment) 
TABLE 27 (continued) 





: Bu,, Dsr aerie 
Hatnilton Webstar loam Ho treatment 50.2 
Cyanarnid 53.4 
Arflsno Plaos 49.1 
Ammo Plioa + oyanaraid 53.0 
Ainrao Phos Ko 57.2 
Jackson Muscatine silt loaan Ho treatment 62.9 
Oyanaraid 62. S 
Ammo Plios 62.1 
Ammo Plios 4- cyanarnid 83.4 
Ammo Plios Ko 61.2 
Jefferson Clinton silt loaja ^o treatment 21.6 
Cyanainid '28,0 
Ajmno Fh.os_ 36.8 
Aimno Phos' -f oyanamid 36.0 
Ammo Plaos Ko 31.8 
Jefferson Qruo-dy silt loam Ho treatment 54.8 
Oyanaraid 50,8 
Aram6 Plios 49.4 
Affirao Phos + cyanamid 49.6 
Ammo Plios Ko 49,2 
iilxm Oarrington silt loam •'^Ho treatment 50.8 
Gyanexiiid •53.5 
Atnrao Plaos 33.7 
Amrao Phos + cyanamid 54.5 
Amrao Piios Ko 39.0 
Applloatlon to tills field mad© 
broadcast (applieations to otHer 
rields made with, planter attacliment) . (table continued) 
a?ABLE 27 (continued) 
County 1 Soil type 
• 
Treatment 
t . Yield 
5 Bu. per acre. 
Muscatine Muscatine silt loam Ko treatment 
Cyanajnld 
Ammo Phos 
Ammo Phos + cyanamid. 






Scott Muscatine silt loam '''iTo treatment 
CyanarAid 
Ammo Phos 
Amino Phos + cyanamid 
Ammo Phos Ko 
81.4 




Stopy Garrington loam I'Jo treatment 
Cyananiid 
Amino Phos 
Ammo Phos + cyanamid 






Story Carrington sandy loam No treat-Rient 
Cyanamid 
Ammo Phos 
Ammo Phos + Cyanajnld 






Stopy Clarion loam No tx-eatment 
Cyansunid 
Atrnno Phos 
Ammo Phos + cyanamid 






Application to this field made 
broadcast (applications to othsr 
fields mad© with planter attachment). (table continued) 
TABLS 27 (continued) 
Yield 
Goimty Soil type Treatment 
Bii, .'Dei' acx'® 
Story Webster loam 
Story Webster silty c3.ay loam 
Story Webster sllty clay loam 
Union Grundy silt loam 




Ammo Plioa + cyansimld 




Ammo Piaos + cyanamld 




Arrmio Phos + cyanamld 
Ammo Phos Ko 
*^ o treattnent 
Cyanamld 
Aramo Phos 
Amrao phos -j- cyanamld 




Amino Phos + cyanamld 


























Application to tills Tleld iiiade 
bi»oadcast (application^ to other 
tlel&s made with planter attachment). 
TABLE 28 
5*11© Effect; of Cyanamid, Ammo Ph.oa, Ainmo Phos Ko, and 
Ammo Phos and Cyanamld on uhe Yields of Corn, 1931. 
. ,  *  *  »  
County J Soil typ© s Treatment ; Yield 
t ; Bu. per acre 
Cedar Tama silt loam No treatment 94.9 
Ammo Phos 84.4 
Ammo Phos + cyanamid 91.7 
Ammo Phos Ko 81.9 
Oyanamid 85.O 
Glinton Carrlngton silt loam "'^Ho treatment 43.0 
Ammo Phos 42.2 
Ammo Phois + cyanamid 41.9 
Ammo Phos Ko 42.7 
Cyanamid 37 . 7 
Glinton Garrington loam ^'ITo treatment 39.9 
Ammo Pho3 39.9 
Aajjno Phos -f oyanamid 36.6 
Ammo Phos Ko 32.6 
Oyanamid 37,8 
Clinton Clyde silt loam "'No treatment 30.0 
AEomo Phos '26.8 
Amrno Phos -f- cyanamid .36.3 
Ammo Phos Ko 28.4 
Cyanamid 39.0 
Floyd O'lTeill loam 
-i'r Application to this field tiiade 
•broadcast (applications to other 
fields mad© with planter attachment) 
Wo treatment 
Armno Phos 
Annuo Phos + cyanamid 
Ammo Phos Ko 
Cyanamid 
(table continued) 
TABLE S8 (continued) 
County Soil type Treatment Yield 
Bu. per ac3?e 
Floyd Carrineton silt loam 
Floyd Carrington silt loam 
Henry Grundy sllty clay loam 
Jefferson Gr\indy sllty clay loam 
Linn Garrington silt loam 
"* Application to tills field made 
broadcast (applications to otlier 
fields made witli planter attachment) 
No treatment 
Amino Plios 
A33mio Plios -h cyanamid 




Ammo Ph.os + cyanamid 




Ammo Ph,os + cyanamid 




Ammo Phos + cyanamid 




Ai-niao Phos + cyanasiid 























TABLE 28 (continued) 
County * Soil type ' Treatment '-hh-
i_ " ^  ^ 1 per acre 
Sto3?y Garrington loara No treatment 
Ammo Phos 
Ainmo Phos -f- cyanatnid 







Stcg? y Carrington loara Ho treatment 
Ammo Phos 
Ammo Phos 4- cyanamid 







Story ?/e'bster silty clay loam No treatment 
Ammo Phos 
Ainmo Phos + cyanamid 







?iJOrtla Carrington loara Ho treatment 
Axnmo Phos 
Ammo Phos -f cyanamid 







Wortb. Carrlngton silt loam Ho treatment 
Ammo Phos 
Ammo Phos + cyanarnld 







Wortii Wefoster loam Ho treatment 
Ammo Phos 
Amriio Phos -}• cyanamid 








DISCUSSIOS OF RESULTS 
Part I; Experiment I 
It is a -well accepted fact that biological action 
is very important in soil fertility, and one of the moat 
inbereating questions arising in the studj of fertilizer 
materials is that of the effect on certain physiological 
aotlvities of soil organisms. The purpose of this ex­
periment v/as to determine whether or not certain ferti­
lizers would affect certain groups of organisras and if 
so, to what extent. 
A. The Effect of the 
Fertilizers on Soil 
Reaction, 
These results show that the addition of amiaonium 
sulfate, superphosphate, and Avflmo Phos caused marked de­
creases in pH while soils treated with cyanamid and sodium 
nitrate showed the hi^est pE values througjxout the ex­
periment, The effects of the sulfate and sodium ions 
on soil reaction when added in fertilisers have heen noted 
by other workers and the results reported here are in 
accord with their findings. It was pointed out in the 
introduction that cyanaroid contains 17.5 per cent calcium 
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hydroxide and it is ppohable that this raaterial has an 
immediate effect on soil I'eaction, The effects noted 
with this material agree with the results reported by 
Lipwan and Blais? (59),, Hartwell (43), Pudge (36), Niklas 
and Hoclc (75), and Pierre (81). 
fhe Increase in acidity noted in the soils treated 
with superphosphate was probably caused by a stitGulation 
in the activity of the microorganisms* Such a stjjnula-
tion would cause an increase in the rate of decomposition 
of organic matter, This would decrease the buffering 
effect due to this material and also lead to an increase 
in carbon dioxide production resulting in increasing th© 
amount of caa-'bonic acid present. That the superphosphate 
did have a stimulating effect on bacterial activity is 
borne out by the increases in numbers of bacteria and 
molds, nitrate accumulation, and awionifying and nitrify~ 
ing power noted in other studies. The reason why Airnno 
Phos should reduce pH is not evident. 
B. The Effect of the Ferti­
lizers on Soluble Phosphorus. 
It has previously been pointed out that the amounts 
of soluble phosphorus present in these soils were very 
small. However, the results reported indicate some in­
teresting trends. Cyanamid caused a marked increase in 
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the amounta of soluble phosphorus presents These results 
agree with those reported by pudge (36) and Jensen (51). 
The amounts of soluble phosphorus present in the soils 
treated with aramonlum sulfate and sodium nitrate remained 
eonstant throu^out the experiment. Jn the soils receiv­
ing superphosphate there ma a marked decrease during ths 
experiment in the amounts of soluble phosphorus while the 
opposite was true of soils receiving equivalent amounts 
of phosphorus in the form of Axmo Phos. fhe reason for 
the decrease in the superphosphate treated soils may have 
been due in part to a reversion of a part of the phosphate 
to the less soluble Galcium compounds althougji it seems 
more probable that it was due to assimilation by micro-
organisms. 
C. The Effect of the Ferti­
lisers on Hitrate Accmmlation. 
IJo marked differences were noted in the nitrate 
content of the various soils. As was expected, the soils 
receiving nitrate additions showed the highest nitrate 
content throu^out the experiment. Those receiving ammon-
itun sulfate steadily increased in nitrate content until 
the amount practically ©quailed that in the nitrate 
treated soils at the time of the last sampling. The effect 
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of a phosphate In stimulating the production of aitraonia 
from the organic fflatter in the soil was reflected, in the, 
nitrate content of the soils receiving superphosphate, 
but negative rather than po.sitive results were noted in "fee 
soils receiving equivalent aaiounts of phosphorus as Ammo 
Phos. The soils receiving cyanamid have the lowest nitrate 
content. If all the nitrogen add«d was nitrified and 
there were no errors due to aamplingj,. the soils receiving 
applicationa of 21 pounds of nitrogen per acre should 
contain 0,95 rogm, of nitrates per 100 grams of air dry 
soil more than the untreated soil,, and, with applications 
of 63 pounds of nitrogen per acre, S.85 mgm. more. Using 
these theoretical values, there raay be a possibility that 
either the material v/as toxic to the nitrifying organisms 
or that it was not readily nitrified. 
D. The Effect of the Ferti­
lisers on Nitrite Accumulation. 
Mo evidence T/as found .that nitrites were formed in 
appreciable amounts in any of these soils, and any nitrites 
formed disappeared rapidly after sampling. 
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E. Th© Effect of the Fertilizers 
on Ifembers of Molds and Bacteria. 
There seems to be no really satisfactory explana­
tion for the marked decrease in numbers of bacteria and 
molds during the first month. ?<ith the exception of 
the stimulation due to the applications of superphosphate, 
no important differences were noted between the variously 
treated soils either in numbere of molds or bacteria. 
The results indicate that applications of sodim nitrate 
may cause slight increases in numbers of molds, and that 
applications of 300 pounds of cyanamid per acre maj have 
a depressing effect when the material is first applied. 
Cyanamid appeared to have & depressing effect on numbers 
of bacteria when first applied, and this followed by 
a delayed stimulation the following month. 
F. The Effect of the Fertilizers 
on the Aifflnonlfying Power. 
These res'alts show that the aramonifying power of 
the soils ms only sli^tly increased by applicationa of 
fertilizers. Fertilizers containing phosphorus appear to 
have exerted a slightly greater stimulating effect than 
the others although no very significant increases have 
been noted. An interesting fact from these results becomes 
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apparent only when a comparison is mad© of tlie data with 
that In tables 9 and II, First, it appears that bacteria 
were the important ammonifying organisms in these soils 
as the marked periodic increases and decreases in nnmbers 
of molds are not reflected in the amounts of amsnonia pro­
duced from dried blood* And second, that the number of 
bacteria bringing about this change appeared to remain-
quite constant throughout the first 3 laonths of this ex­
periment, even thou^ marked decreases in total numbers 
v/ere noted during the first 2 months. It should be noted 
that the araoimts of ammonia produced should not have been 
limited by the amount of material present to b© aREionifled 
as 5 grams of dried blood containing about 12 per cent 
anfflonia would yield about 600 inilligraias of aaKionia if 
cornpletsly decomposed. It is interesting to note that 
this relation between numbers of bacteria and ammonifying 
power is similar to that noted in experiments II and I¥ 
between numbers of bacteria and amounts of carbon dioxide 
produced, 
6. The Effect of the Fertilizers 
on the litrifying Power. 
fhese results indicate that applications of these 
fertilizers had no appreciable effect on the nitrifying 
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pov/©3? of the soils althou^ i there is a sllg^ it indication 
that phosphorus may have a sll^ .t stimulating effect. 
Tahle 17 shows that nitrites were not formed in apprec­
iable amomts in the nitrification cultures, 
H. The Effect of Fertilizsrs 
on Hitrogen Fixation. 
Althou^ tests siad© by the Winogradsky method in­
dicated that AzotohaGter TOre present in all the soils, 
no nitrogen was fixed in solution cultures. It should be 
borne in mind that althou^ these organisms may exist at 
a pH of 5.8 they do not funetion at a pH beloi? 6.6 to 6,8. 
It is possible therefore, that the organisms present were 
not very vigorous. 
I, Miscellaneous Experiments. 
A test was made to see whether or not any of the 
results noted in the nitrate content of the soils and 
tests of their nitrifying pov/er might have been influenced 
by nitrate asslTnilation, The results reported show no 
differences, of note between the •'larious soils. 
At the same time, the numbers of bacteria develop­
ing on two different wedia v/ere compared. The results 
show that the sodium albuminate agar gave hi^ier counts 
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except with soils treated with superphosphate. Ifhen the 
different plates were compared it was noted that the 
colonies appearing on the asparagin raannitol agar wers 
usually larger than those developing on the other mediira 
but the small subsurface colonies noted on the latter 
rnedium were usually absent. 
Part It Experiment II. 
As the studies carried out in ©xperiaient I did not 
shoY/ marked differences in the effect of the various 
nitrogenous fertilisers on the physiological activities 
of soil microorganisms, it was thought desirable to use 
some other method of measuring biological activity. Hence 
a study was made of the aiTtounts of carbon dioxide pro­
duced by soils treated with cyanamid, sodim nitrate, and 
calcium hydroxide. The facilities available for studying 
carbon dioxide production Virere sufficient for only 3 
different soils. Therefore, it vras thougiit beat not to 
use duplicate treatments but to study more treatnisnts and 
uas especial care in carrying out the work. 
The following discussion will refer entirely to 
plates I and II as the results presented In this form can 
be more easily understood than by referring to the tables. 
In general, the variations in numbers of micro­
"•93. "• 
organisms noted during this experiment are more nearly 
what would be expected than those reported in e,-xperiment 
Ij part 1, and particularly the variations noted in 
nitmbers of bacteria. The soil used in theae experiments 
came from the same place in the field, and was handled 
in practically the sara© manner, the chief difference 
being that the first lot was secured in November, and the 
second, the next June. It is possible that the micro­
flora present in the soil at these two seasons may have 
been much different. 
The numbers of bacteria in the different soils 
follow the same general trend throughout the experiment. 
The changes brought about by sieving, potting, and estab­
lishing of optimum moisture conditions evidently caused 
an increase in the numbers at the start. This was followed 
by a sharp decrease and then a gradual increase. The 
numbers of molds follow the same general trend in a rou^ 
way but tend to vary more markedly. The curves for the 
numbers of molds and bacteria as plotted on plate I, and 
sections G and F on plate II shovf that in each soil, the 
numbers varied in much the same general direction. It 
should be noted that with the exception of the number of 
molds present in one soil, the numbers of microorganisms 
in the treated soils were less than those in the untreated 
soil, indicating that either the flora in this soil was 
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particulai'ly strong (due to ssperimental erroi" in saapling 
Vihen tlae soils were potted) or that the materials applied 
had a slightly toxic effect. 
Althou^ the soils treated with cyanamid do not 
show an increase in numbers at the beginning, the bacterial 
content ?m.<3 xauch the same as that in the other aoils, and 
followed the same general trends during the experiment. 
There is a definite tendency for the numbers present 
(both bacteria and molds) to be slightly less than the 
nmnbers in the other soils indicating that cyanamid or 
its decomposition products had a toxic effect on the flora 
of this soil type. This effect increased as. the amounts 
of eyanamid xYcrs increased. 
Mien the results for the sodioH nitrate and cal­
cium hydroxide treated soils are studied, some interesting 
varifitions are noted. The bacterial content of these 
soils in the beginning v/as only about one half that of the 
other four soils, although the numbers increased rapidly 
and aoon equalled those found in the other soils. The 
following hypotheses are offered aa possible reasons for 
this variation. First,, the fertilizer treatments were 
applied June 30, and the untreated and cyanamid treated 
soils were made up to the optimiaa jsoisture content on 
July 1, and the others m July 3. The soil at the time 
~93*» 
of potting contained 9 per cent of moisture, andj as the 
mieroorganisias may live in the hygroscopie moistui"© mfeen 
a soil hecomes air dry (or nearly so), ifc is possible that 
the addition of these soluble materials might have raised 
the concentration of salts in solution to a point where 
the osmotic pressures developed wore harmf\il to bacterial 
life. As these soils were not made up to moisture con­
tent for 3 days after the treatments were applied, this 
possible effect ••nay have been an important factor in 
affecting the numbers of microorganisms present. The 
second is that th© drying effect operating in a soil for 
such low moisture .content may have •i>©en responsible for 
killiiig off a large mnnber of the organisms. However., as 
the moisture content of the soil ?jas 1g\«/ ^¥hen the soil 
was taken from the field, the first reason ia perhaps the 
more logical one. 
The interesting part of this experiment is the re­
lation observed betAveen the numbers of microorganisms and 
the amounts of carbon dioside produced in the soil. The 
ass\uo.ption has been made that the study of carbon dioxide 
prodiiction is a good means of measuring bacterial activ~ 
ity In soil, and bears a rather direct relation to the 
numbers of lalcroorganisias present. Assuming that the 
methods of procedure used have been fairly accurate, the 
results as presented on plates I and II show clearly that, 
while the study of carbon dioxide production may be a 
good meaua of studying the activity of microorganisms, 
there may be no definite relationship between nutubers of 
microorganisffls in soil (as determined by eoimting on an 
agar medium) and the amount of carbon dioxide which may 
be produced. However, the general statement vaay be made 
that soils which show the larger numbers of ffiicroorganisma 
will probably produce larger arao^mts of carbon dioxide. 
A comparison of sections A, B and P of plate II will show 
clearly what is meant here. If the untreated and eyanamid 
treated soils TOre ranked according to numbers of micro­
organisms present, and amounts of carbon dioxide produced 
th© order from the highest to the lowest would be \mtreated, 
eyanamid 100, 300, and 500 pounds per acre, respectively. 
But a comparison of the data given in sections A and B 
with that in section D, plat© II will show that it is 
possible to have an increase in numbers associated with a 
decrease in amount of carbon dioxide produced, and vice 
versa. These relationships are shown in detail on plate I 
and sections G and F of plate II. 
In contrast with the results given on plate X, 
are those given in sections G and P of plate II. It will 
be noted that during the first half of the experiment there 
is a definite relationship between the numbers present 
and amoimts of carbon dioxide produced in the soils 
treated with sodiiua nitrate. The possibility of vmat may 
have happened in these soils has been pointed out. It 
V7ill also be xioted that during the last half of the ex-
periaent the tendency toward haphazard variation, noted 
in the other soils, has developed, 
The explanation offered for these results is that 
the numbers of ffiicroorganisms developing on the artificial 
media do not give definite indications of the ability of 
a soil flora to produce carbon dioxide. The variations in 
the number of organisms bringing about tbdss change may be 
masked by fluctuations in numbers of other groups Virhieh 
are of little importance. The results given for the sodiuai 
nitrate treated soils t®nd to bear out this hypothesis. 
It appears that the change whioii took place at the start 
of the experiment killed off many of the non-essential 
forms and the relation noted between nuabera and amounts 
of carbon dioxide produced is a true picture of the activ­
ity of the essential organisms. However, during the 
later part of the experiment these non-sssential forms 
apparently reestablished themselves as a numerically im­
portant part of the flora and the variations in the numbers 
of the essential forms are covered up. 
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There are two other possible factors wliicli should, 
not be overlooked in studying these data. First, that 
the numbers of microerganisma developing on the artificial 
media raay not give an accurate picture of the assential 
part of the soil flora. This possibility has been pointed 
out by Allison (1). Sscond, assuriiing that the plats 
counts do give an accui'ate pictxire of the soil flora at 
the time of sampling for carbon dioxide determinations, 
they give no indication of the changes which may occur in 
the flora of the sample during the incubation period. 
It is possible that changes might occur which would have 
a marked effect on the amount of carbon dioxide produced. 
fhe results of this experiment agree with those re­
ported by Brown and Smith {23) and Merkle (70) who have 
shovm that cyanamid has a toxic effect on the activity 
of soil microorganisms as measured by the aaiounts of 
carbon dioxide produced. 
Part I; ExperiiaBnt III. 
Before continuing the study of the relation be-
tirreen riurabers of bacteria in the soil and amounts of carbon 
dioxide produced, it seemed advisable to raake a study of 
three laboratory methods of studying carbon dioxide pro­
duction in soil. The aeration method was the first 
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laboratory method ever used, but Stoklasa and Eraest (91) 
in 1905 were the first to attempt careful control of the 
conditions under Vifhich the study was inadQ. Variations 
of this method have been used by Marsh (68), leller (V4), 
Potter and Snyder (80), and Ifaksman and Starkey (96). 
The accuraulatioa method was revised by Lmdegardh (66) 
and modified by Smith and Btoto (90). This method is 
more convenient to use than the.aeration method, and d©-
terminationa can be carried out with greater miiforaity. 
There is less chance for error than ^vhere titrations are 
involved. 
The set up of this experiment has been described. 
The straw v?as added for a source of slowly decomposable 
organic matter; and the purpose in adding this material 
was to stimulate carbon dioxide to a point where any pos­
sible differences due to the methods of procedure Y/ould be 
clearly emphasized. Two of the questions in mind when the 
experiment wast planned were these: Will the aeration of 
a sample of soil according to the procedure of Waksman and 
Starkey stimulate carbon dioxide•production? and will the 
amount of carbon dioxide decrease as its concentration in 
th© air above the soil increases? The close agreement of 
the daily determinations is some indication of the ear© 
used in carrying out this comparison« 
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The results reported in table 24 open up some in­
teresting questions for further study, fhis table shows 
clearly that with the accuraolation and accumulation-
aoration methods, no differences vvere observed in amounts 
of carbon dioxide produced when the air of the flask was 
changed each 24 hours, and vlien the carbon dioxide was 
allowed to accumulate from day to day until the concentra­
tion in the air above the soil reached slightly over 12 
per cento fhe data secured with the aeration method 
indicates that had the moisture content of these soils 
been maintained, the amounts of carbon dioxide produced 
would have been the same as those produced by the other 
soils. 
These results indicate that the troduction of carbon 
dioside may not "be affected by concentrations of this gas 
up to 12 per cent in the air above the soil and that con­
stant aeration at 5 liters per hour did not stimulate 
production. This indicates three possibilities. First, 
that carbon dioxide may not be toxic to the action of 
certain microorganisms #iich produce it when present in 
the air in concentrations up to 12 per cent. As the amount 
of air in a loam soil at optimum moisture conditions 
occupies about one fourth of the total volume, it is 
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possible, that in a normal soil, the microorganisms live 
and function under much hi^er concentrations of this gas. 
Second, that the inh.erent properties of the soil and 
its moisture content affect the rate of diffusion of this 
gas to a much greater extent than its concentration in 
the air above the soil and that diffusion of the gas from 
the soil air took place at the same rate in practically 
all eases. Or third, assuming that the gas diffused quite 
rapidly into the air above the soil, that the rate of 
action of the microorganisms may not be affected by rapid 
diffusion of this gas. 
The aecuiTOlation-aeration method is by far the most 
desirable method of these three to use in carbon dioxide 
studies, fhe difficulty of determining accuratsly the 
per cent of carbon dioxide in high concentrations has been 
discussed. The data reported in the aeration study re­
quired 80 titrations, each of which presented a chance 
for error. In addition, the suction purap required atten­
tion several times each day to insure a uniform rate of 
aeration. 
Part I; Experiment lY. 
In order to check further the results secured in 
experiment II, this study was planned using two sources 
of readily decomposable organic matter - horse manure, and 
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a mixture of timothy and several legume hays, both finely 
ground.. In addition to these two treatments, cyanainid 
was added alone and in combination with the manures. It 
was expected that differeneea would be caused by the 
applications of different kinds of organic matter which 
would aid in the study of the relation of numbers of bacteria 
and the amounts of carbon dioxide produced, fhe determina­
tion of the number of molds was dropped frora this study be­
cause of the wide variation which they showed in experi­
ment II. Also the results secured in the ammonificatioa 
studies in experiment 1 indicated that they played a minor 
role in the decomposition of organic matter. The results 
are reported in table 25 and the readings of the duplicate 
flasks in table 26. 
It was noted that the amounts of carbon dioxide 
produced in the manure treated soils as compared to that 
found in the untreated soil were usually larger in propor­
tion than the increases noted, in numbers of bacteria,, vi^ilo 
the saiae comparison made between the cyanatiiid and cyanamid 
and manure treatments showed results which were more nearly 
in proportion. However, it is interesting to note that 
while the cyanamid and raanuj'e treatments caused an increase 
in numbers over those present in the treatments vdth manure 
alone, the amounts of carbon dioxide produced were slightly 
less. 
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On tlie whole, these reaults bear out the observa­
tions wade in experiment II. 'While there may be a rou^ 
relation between ntcnbers of bacteria developing on an 
artificial meditua and the carbon dioxide production in 
various soils, this relation may not hold for small differ­
ences in niMbers. And v/ithin a certain soil, it may be 
possible to have an increase in numbers of bacteria, and 
a simultaneous decrease in amount of carbon dioxide pro­
duced, or vice versa. As indicated in the discussion of 
experiment II, there are some other factors which should 
be studied before definite statements concerning this 
relationship can be made. The work reported in these ex­
periments was carefully carried oixt and there seems no 
good reason to doubt the accuracy of the laboratory 
technique. 
iPart n. 
The seasons of 1930 and 1931 vjere characterized 
by extremely drouthy conditions, and the effects of this 
moisture shortage are very evident in the yields of corn 
reported. Under such conditions it would not b© fair 
to draw conclusions as to the desirability or undesir-
ability of these materials as fertilizers for corn. Under 
favorable weather conditions, they should give favorable 
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reaulfcs on some of the soil types on which, decreases in 
yields are reported. In many cases marked differences 
were noted in the early growth of the crop, and It is 
unfort\mate that weather conditiona masked the normal 
effects of the fertilizers. 
Observations made on a limited number of fields 
would indicate that cyanaraid becomes available to the 
plant soon after side dressing as there was a noticeable 
darkening of the color of the plant v;lthin 7 to 10 days 
after application. However, cyanamid apparently tended 
to decrease maturity as indicated by the delayed appear-




1, Applications of oyanaaild and sodiixa nitrate inc3?easea 
the pH of the soil, while am-moniura sulfate and Ammo 
PhDS ca^^sed a decrease iifcea these Tnateyials ^vere 
applied in amounts equivalent to 21 and 63 pounds of 
nit3?ogen per acre-
2, Applications of eyanainid caused a marked increase in 
the amount of soluble phosphorus present in soil, 
while sodiuia nitrate and ammonium sulfate applied in 
equivalent amounts of nitrogen had no effect. 
3, .Applications of cyanamid, sodium nitrate, ammonium 
sulfate, and hrmo Phos exerted no marked effect on the 
nitrate accumulation in the soil, the numbers of molds 
and bacteria present, the arnraonifying power of the 
soil or the nitrifying power of the soil. Applications 
of superphosphate,, however, brought about some increase 
In biological activity. 
4, Ihe numbers of .molds in soil had no marked effect on 
the amounts of amonia produced from dried blood in 
aairoonification tests. The amounts produced v/era not 
affected by marked changes in numbers of bacteria-
5, In t?/o experiments applications of cyanamid decreased 
the numbers of bacteria and the amounts of carbon 
dioxide produced in the treated soils below those found 
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in the untreated soil, 
6. The nmnbers of bacteria were found to bear a direct 
relation to the amoiints of carbon dioxide px-'oduced 
when variously treated soils were compared. Ho'sever, 
v/ith a particular soil, it seems that there inay be 
no absolute relation betv/een the mwibers of bacteria 
and the amounts of carbon dioxide produced wJ.'njn tests ar© 
continued over a long period of time. 
7. Ho differences v/ere observed in the amoxxnts of carbon 
dioxide produced when the soil was aerated constantly 
or interifiittently,. or r/hen the carbon dioxide was 
allowed to accumulate up to a concentration of 12 per 
cent in the air above the soil. 
8. Adverse weather eonditions affected the yields of corn 
on plots variously fertilised to such an extent that 
no accurate conclusions could b© drawn Concerning 
the effects of the fertilizers. 
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